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Loyal Message 


THE COUNCIL sent the following Loyal Message of Congratulation to Her Majesty 
the Queen on her return from her Commonwealth Tour: 


To Her Majesty the Queen 


Members of The Iron and Steel Institute assembled today in London for the Eighty-fifth 
Annual General Meeting of the Institute submit to Your Majesty, Patron of the Institute, 
their humble duty and assurances of devoted loyalty. 

They beg leave to convey to Your Majesty and to His Royal Highness the Duke of 
Edinburgh their sincere congratulations on the outstanding success of your recent voyage 
round the world and of your visits to many of the other Countries of the Commonwealth 
and of your possessions overseas. They rejoice with your other loyal subjects at your 
safe return and are happy to have you with them again here at home. 

(Signed) Ricuarp LyTTELTON 
President 

(Signed) KENNETH HEADLAM-MORLEY 
Secretary 


Dated 26th May, 1954 
The following reply was received from Balmoral: 


Please convey to all assembled at the Kighty-fifth Annual General Meeting of The Iron 
and Steel Institute the sincere thanks of The Queen for their loyal message. Her Majesty 
and The Duke of Edinburgh greatly appreciate the warm words of congratulation and 
welcome with which you greet their return to this country on behalf of the members of 
the Institute. 

(Signed) Epwarp Forp 
Private Secretary 


26th May, 1954 


Annual Report 


Sheffield; a Symposium on Powder Metallurgy was held 
in December in London. 

The Engineers Group organized a number of interesting 
meetings, including a meeting in Newcastle-on-Tyne and 


The Council submit this, their Annual Report and 
Statement of Accounts for the year 1954, to Members 
for their approval at the Eighty-sixth Annual General 
Meeting of The Iron and Steel Institute. 





The Annual and Autumn General Meetings were held 
in London in May and November and a successful Special 
Meeting in Sweden during June. A number of Members 
of Council and others visited Finland for a week after 
the méeting in Sweden. 

A Joint Meeting with the National Forgemasters 
Association and the Chambre Syndicale de la Grosse 
Forge Francaise was held in October in London and 
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at Consett in September. 
ROLL OF THE INSTITUTE 
The total membership at 3lst December, 1954, was 
4944, compared with 4925 at 3lst December, 1953. 
During the year, 241 Ordinary and 67 Associate 
Members were elected or reinstated. The deaths of 31 
were reported; 179 resigned, 73 were struck off the Roll 
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Table I 
MEMBERSHIP OF THE IRON AND STEEL INSTITUTE at 31st December, 1954, AND COMPARISON WITH 
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of Members, and 6 elections lapsed for non-payment of 
subscriptions. 

An analysis of the membership at 31st December, 1954, 
is given in Table I, and the membership trend since 
the Institute was founded is shown in Fig. 1. 


OBITUARY 


The Council regret to announce the deaths during 1954 
of Sir Frederick Mills, Bt., President 1925-1926, Mr. E. J. 
Fox and Mr. E. F. Law, Members of Council and later 
Honorary Vice-Presidents, Dr.Ing. Otto Petersen, an 
Honorary Member, and Dr. Kétaré6 Honda, Bessemer 
Gold Medallist in 1922. Those who had been Members 
for over 50 years included Mr. Seth Somers (Halesowen), 
elected in 1896, Mr. J. Campbell (Broxbourne), elected 
in 1897 and Mr. George Baker, O.B.E. (Sheffield), elected 
in 1902. Mr. Baker, Colonel Alan Stein, O.B.E., M.C., 
and Mr. J. T. Wright had also served as Honorary 
Members of Council. 

The complete list of deaths reported is as follows: 
BakER, G. (Rotherham) 7th September, 1954 
BEenBow, W. E. (London) 29th December, 1953 
Branpwoop, J. K. (Newcastle, lst December, 1953 

N.S.W.) 

BurnuaM, T. H. (London) 
Burton, Sir Geoffrey D. 

(Sevenoaks) 

CAMPBELL, J. (Broxbourne) 
CLYDESMUIR, Rt. Hon. Lord 

(Braidwood) 

CorBEtt, G. F. (Doncaster) 
Dove tas, A. (Glasgow) 
Fox, E. J. (Tunbridge Wells) 18th January, 1954 
HEDLEY, G. (Winchester) 4th November, 1954 
Humrrey, J. C. W. (Launceston) 20th March, 1954 
KEENER, S. (Salem, Ohio, U.S.A.) 2nd April, 1954 
Law, E. F. (London) 22nd May, 1954 


14th May, 1952 
2nd July, 1954 


4th March, 1954 
3lst October, 1954 


28th January, 1954 
2lst June, 1953 








Leek, A. E. (Workington) 

MacTaaaart, E. F. (Dorking) 

Mixts, Sir Frederick (Rushlake 
Green, Sussex) 

NowELL, C. (Manchester) 

ParRKER, A. E. (Porthcawl) 

PETERSEN, O. (Diisseldorf) 

Priant, C. M. (Walsall) 

Pottock, T. (Wylde Green, 
Warwicks) 

Scuwartz, H. A. (Cleveland, 
Ohio, U.S.A.) 

SNEDDEN, W. P. (Birmingham) 

Somers, 8. S. (Halesowen) 

Srern, A. (Bonnybridge, 
Lanarkshire) 

STEIN, C. M. (Paris) 

Stewart, J. W. (Glasgow) 

Wuson, P. H. (Nottingham) 

Woscuitz, J. F. (Gary, Ind., 
U.S.A.) 

Wraieat, J. T. (Stourbridge, 
Worcs.) 


4th May, 1954 
27th August, 1954 
3lst December, 1953 


9th August, 1954 
21st March, 1954 
27th December, 1953 
February, 1954 

2nd March, 1954 


July, 1954 


23rd April, 1954 
9th November, 1954 
Ist June, 1954 


26th April, 1954 
21st October, 1954 
25th July, 1954 
12th December, 1953 


Ist January, 1954 


HONORARY MEMBER 


Mr. Ernst Gustaf (Gésta) Frisell (Sweden) was elected 
an Honorary Member of the Institute in recognition of 
his distinguished services in connection with the Insti- 


tute’s Special Meeting in Sweden. 


CHANGES ON THE COUNCIL 


President-Elect 


At the Autumn General Meeting it was announced that 
the Council had unanimously decided to nominate Sir 
Charles Bruce-Gardner, Bt., to become President at the 


Annual General Meeting, 1955. 
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Other Changes 
During 1954 Mr. D. F. Campbell was elected a Vice- 
President and Mr. Evert Wijkander and Bergradet 
Berndt Grénblom were nominated to be Honorary Vice- 
Presidents; Mr. W. L. James was elected a Member of 
Council. 
The following agreed to serve as Honorary Members of 
Council during their Presidencies of the Societies named: 
Mr. Henry M. Morgan (Cleveland Institution of Engineers, 
following Mr. F. Kennedy); Mr. J. J. Beese (Ebbw Vale 
Metallurgical Society, following Mr. A. W. Ellis); Dr. S. F. 
Dorey, C.B.E., F.R.S. (The Institute of Metals, following 
Professor F. C. Thompson); Mr. C. E. Burrell (Leeds 
Metallurgical Society, following Mr. H. D. Ward); Lieut.- 
Commander G. W. Wells, R.N. (Retd.) (Lincolnshire 
Iron and Steel Institute, following Mr. W. L. James); 
Mr. G. T. Callis (Liverpool Metallurgical Society, follow- 
ing Mr. H. J. Miller); Mr. J. D. Hannah (Manchester 
Metallurgical Society, following Mr. W. Bb. Wragge); 
Mr. C. I. F. Mackay (Newport and District Metallurgical 
Society, following Mr. T. G. Grey-Davies); Mr. F. H. 
Saniter (Sheffield Metallurgical Association, following 
Mr. H. Hicks); Mr. R. E. 8S. Fisher, m.c. (Sheffield Society 
of Engineers and Metallurgists, following the late Mr. G. 
Baker, 0.B.E.); Mr. K. G. Lewis (Staffordshire Iron and 
Steel Institute, following Mr. A. W. Shore); Professor 
H. O’Neill (Swansea and District Metallurgical Society, 
following Mr. D. L. Blewett). 
Mr. W. M. Larke agreed to serve as an Honorary 
Member of Council on assuming the Chairmanship of the 
Iron and Steel Engineers Group. 
In accordance with Bye-Law No. 10, the following 
names of Vice-Presidents and Members of Council due 
to retire at the Annual General Meeting, 1955, were 
announced at the Autumn General Meeting, 1954: 
Vice-Presidents: Dr. H. H. Burton, Mr. J. Sinclair 
Kerr, and Mr. G. H. Latham. 

Members of Council: Mr. W. F. Cartwright, Mr. R. A. 
Hacking, Dr. J. W. Jenkin, Mr. T. Jolly, and Mr. 
F. H. Saniter. 

No other Members having been nominated up to one 
month before the Annual General Meeting, the retiring 
Vice-Presidents and Members of Council are presented 
for re-election. 


AWARDS AND PRIZES 


The Bessemer Medal for 1954 was awarded to Dr. 
T. P. Cotciovueu, C.B.E., M.Met. (British Iron and Steel 
Federation), in recognition of his distinguished contri- 
bution to the development, in theory and practice, of 
the manufacture of iron and steel. 

The Sir Robert Hadficld Medal for 1954 was awarded 
to Dr. A. H. Lecxre, B.Se. (Iron and Steel Board), in 
recognition of his valuable contributions to research in 
steelmaking. 

An Andrew Carnegie Silver Medal for 1953 was awarded 
to Mr. G. R. Bisu, formerly of University College, 
Swansea, for his report, written in conjunction with 
Professor H. O'Neill, who was not eligible, on ‘‘ The 
Deformation of Austenite in Relation to the Hardness 
Characteristics of Steel” (Journal, 1953, vol. 173, April, 
pp. 398-405). 

Two Williams Prizes for 1953 (value £100 each) were 
awarded to Mr. A. H. Norris (John Lysaght’s Sceun- 
thorpe Works Ltd.), for his paper on ‘ Soaking-Pit 
Practice at the Normanby Park Steelworks of John 
Lysaght Ltd.” (Journal, 1953, vol. 175, December, pp. 
353-359) and to Mr. E. R. S. Watkin (Appleby-Froding- 
ham Steel Co.) for his paper on ** Railway Traffic of the 
Appleby-Frodingham Steelworks *”’ (Journal, 1953, vol. 
173, January, pp. 1-15). 
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The Ablett Prize for 1953 (value £100) was awarded 
to Mr. F. Starkey (Buckley and Taylor Ltd.), for his 
paper on “‘ Guides and Strippers for Modern Rod and 
Bar Mills ” (Journal, 1955, vol. 179, January, pp. 58-75). 

ANDREW CARNEGIE SCHOLARSHIPS 

The following awards were made from the Andrew 
Carnegie Research Fund during 1954: 

A. 8. AprLeton (Liverpool University): £150 for 
research on the kinetics of graphitization in high- 
carbon, Fe-C, and Fe-Co-C alloys, together with 
subsidiary diffusion experiments on Fe—C-Si and the 
above alloys. 

C. J. Batt (Queens’ College, Cambridge): £410 for 
research on the plastic deformation of metals. 

P. R. Vaucuan Evans (University College, Swan- 
sea): £350 for research on the mechanical properties 
and internal stresses of various strip steels after various 
isothermal treatments. 

J. Wixcock (Liverpool University): A second grant 
of £50 for research on the influence of manganese, 
sulphur, and the sulphur/manganese ratio on the 
kinetics of first-stage graphitization. 

MOND NICKEL FELLOWSHIPS 


Mr. F. H. Saniter continued to represent the Institute 
on the Mond Nickel Fellowships Committee. 
The Committee made the following awards for 1954: 

M. Brown eEE (Dorman, Long and Co., Ltd.): To 
study British, Continental, and American hot- and 
cold-metal basic open-hearth steelmaking, with par- 
ticular reference to furnace design and construction 
and factors affecting ingot quality. 

R. D. Butter (Imperial Chemical Industries Ltd.): 
To study mineral dressing practice in Great Britain, 
on the Continent, and in the U.S.A. and Canada, with 
particular reference to the design, layout, and opera- 
tion of small-scale mills. 

F. B. Peacock (Dorman, Long and Co., Ltd.): To 
study rolling-mill operation and maintenance, with 
particular reference to soaking pits, blooming mills, 
and the production of universal beams, structural 
sections, and rails. 

A. M. Sacre (British Iron and Steel Research 
Association): To study the manufacture and fabrica- 
tion of structural steels in the United Kingdom, 
Europe, the United States of America, and Canada. 
The Institute continued to provide secretarial services 

for the Mond Nickel Fellowships Committee. 


MEETINGS 

Annual General Meeting 

The 85th Annual General Meeting was held in London 
on Wednesday and Thursday, 26th and 27th May, 1954, 
at the Royal Institution, Albemarle Street, W.1, and at 
the Offices of the Institute. Mr. James Mitchell, c.B.£., 
inducted the Hon. R. G. Lyttelton into the Chair. The 
new President then delivered his presidential address on 
** Social Consequences of Iron and Steel ”’ (Journal, 1954, 
vol. 177, June, pp. 201-208). A Members’ Dinner was 
held at Grosvenor House, Park Lane, W.1, on Wednes- 
day, 26th May, at which the Rt. Hon. Harold Macmillan, 
P.c., M.P., Minister of Housing and Local Government, 
was the principal guest. The proceedings of the Meeting 
are recorded on pp. 105-108 of the Journal for October, 
1954 (vol. 178). 
Special Meeting in Sweden 

A Special Meeting was held in Sweden from 7th to 
18th June, by invitation of the President (Mr. E. 
Wijkander) and Council of Jernkontoret. A Ladies’ 
Committee was formed in Stockholm under the chair- 
manship of Mrs. Wijkander. Mr. G. Frisell, formerly 
Managing Director and a Member of Council of Jern- 
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kontoret, kindly took charge of the detailed arrange- 
ments in Sweden. Travel and hotel arrangements were 
made on behalf of the Institute by Thos. Cook and Son, 
Ltd., London and Stockholm. 

The programme included visits to works in the 
neighbourhood of Gothenburg and Visterds, a period in 
Stockholm, and three alternative tours to the steelmaking 
and ore-mining areas. A Joint Technical Session was 
held with Jernkontoret in Stockholm on 12th June. A 
number of papers were specially prepared for the meeting 
and were published in the April and May, 1954, issues of 
the Journal and also in Jernkontorets Annaler. 

The President and Council of the Institute wish to 
express their thanks to those without whose help the 
meeting could not have been successfully carried out; 
and especially to the President, Council, and officials of 
Jernkontoret; to Mr. G. Frisell; to the Chairman and 
Members of the Ladies Committee; to the Swedish State 
Railways and the Swedish Lloyd Steamship Company, 
Ltd.; to the Chairman and Directors of the works and 
other establishments who invited Members to visit them; 
to the authors of papers specially prepared for the 
meetings; and to all others who so willingly collaborated 
in organizing the meeting. 

A short account of the meeting was published on 
pp. 1-3 of the Journal for September, 1954 (vol. 178): 
a report of the discussion at the Joint Technical Session 
held with Jernkontoret on 12th June is published in the 
Journal for February and March, 1955 (vol. 179). 


Visit to Finland 

After the Special Meeting in Sweden a party of 
Members of the Institute paid a visit to Finland from 
18th to 26th June, by personal invitation of Bergradet 
B. G. Grénblom, Chairman and Managing Director of 
Oy Vuoksenniska AB, Finland. The party consisted of 
forty-five Members and Ladies and included the Presi- 
dent, Secretary, some Members of Council, and a few 
other Members from the United Kingdom, France, the 
Netherlands, and Sweden and their wives. Visits were 
made to the blast-furnace plant at Abo, to the iron and 
steelworks at Imatra, and to other centres of industry 
and places of interest. 

A short description of the visit and of some of the 
technical points of interest are given on pp. 217-222 in 
the Journal for November, 1954 (vol. 178). 


Joint Meeting with the National Forgemasters Associa- 
tion and the Chambre Syndicale de la Grosse Forge 
Francaise 

A Joint Meeting was held with the National Forge- 
masters Association and La Chambre Syndicale de la 

Grosse Forge Francaise from 11th to 15th October, 1954. 

Approximately thirty delegates attended from France. 

There was an evening Reception at the Offices of the 

Institute on 11th October. A number of papers were 

presented and discussed in London on 12th and 13th 

October. The party then proceeded to Sheffield by 

invitation of the National Forgemasters Association and 

visited the works of the English Steel Corporation, Ltd., 

Thos. Firth and John Brown Ltd., and Hadfields Ltd. 

The papers presented at the meeting and a report of 
the discussion will be published in the Special Report 

Series of the Institute. 

Autumn Meeting 

The Autumn General Meeting was held at the Offices 
of the Institute on Wednesday and Thursday, 17th and 

18th November, 1954. The President, the Hon. R. G. 

Lyttelton, was in the Chair. The proceedings of the 

Meeting are published in the Journal for March, 1955. 

Symposium on Powder Metallurgy 

A Symposium on Powder Metallurgy was held in 
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association with The Institute of Metals at Church 
House, Westminster, London, S.W.1, on Ist and 2nd 
December, 1954; approximately five hundred people 
attended, of whom many were from overseas. About 
fifty papers were presented by rapporteurs and discussed; 
an exhibition of powder metallurgy products was held 
at Church House. The papers and a report of the dis- 
cussion will be published in the Special Report Series. 


IRON AND STEEL ENGINEERS GROUP 


Mr. W. M. Larke (Stewarts and Lloyds Ltd.) agreed 
to assume the Chairmanship of the Iron and Steel 
Engineers Group in succession to Mr. C. H. T. Williams, 
who relinquished it in May, 1954. The Council wish to 
express their thanks to Mr. Williams for serving as 
Chairman of the Group from 1950 to 1954. 

The Engineering Committee, which organizes the 
activities of the Iron and Steel Engineers Group, was 
composed of the following Members (from June, 1954): 


Chairman 
Mr. W. M. LarRKE 
Mr D. R. Brown Mr. J. A. KitsBy 


Mr. T. Coxon Mr. J. A. PEAcockK 
Mr. J. H. DuFFEY Mr. G. A. Puirpps 
Mr. G. Foster Mr. E. PrncHEs 


Mr. W. W. FRANKLIN Mr. F. E. Propyn 
Mr. N. R. D. GuRNEY Mr. I. 8S. Scorr-MAxwELuL 
Mr. W. A. JOHNSON Dr. W. S. WALKER 
Mr. C. H. WILLIAMS 
Ex-Officio 
The Hon. R. G. LyTreLtTon Mr. W. Barr 
Dr. H. R. Mitts 


Two full-day meetings, with buffet luncheons, were 
held during the year at the offices of the Institute. The 
Group also held a meeting at Newcastle-on-Tyne from 
13th to 16th September, 1954, at the invitation of Mr. H. 
Boot (Consett Iron Company, Ltd.) and Mr. B. Eliot 
Common (Tyne Improvement Commission). The Meeting 
included the presentation and discussion of seven papers 
and visits to the works of the Consett Iron Company, 
Ltd., at Consett and Jarrow and to ore handling plant 
of the Tyne Improvement Commission at Sutherland 
Quay. Reports are published in the Journal. The full 
report of the Newcastle meeting will be published in the 
Institute’s Special Report Series. 

A meeting of Junior Engineers was held at Buxton 
from 26th to 29th April, 1954. Four papers were 
presented and discussed and visits were made to Davy 
and United Engineering Co., Ltd., Sheffield, Park Gate 
Tron and Steel Co., Ltd., Rotherham, The English Steel 
Corporation Ltd., Sheffield, and Steel, Peech and Tozer, 
Rotherham. The meeting ended with a lecture by 
Mr. J. E. Holgate on “Certain Aspects of European 
Iron and Steel Production.” 


PUBLICATIONS 


The Journal was, as usual, published in twelve monthly 
parts, comprising volumes 176, 177, and 178. Indexes 
and binding cases are being prepared. 

Special Reports—A further volume of papers of the 
Affiliated Local Societies was published during the year 
as Special Report No. 49. In future a selection of these 
papers will be published in the monthly Journal instead 
of in the Special Reports Series. 

Two further Special Reports were published during 
the year: ‘‘ Fatigue Tests on Rolled Alloy Steel Made in 
Electric and Open-Hearth Furnaces ”’ (No. 50), and “A 
Survey of the Results of the Examination of Brickwork 
of Blown-Out Blast-Furnaces ”’ (No. 51). 

Bibliographies—No Bibliographies were published in 
1954. 
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Translation Service—Translations of seventeen foreign 
technical papers (Nos. 479-495) were issued during 1954. 
The charge was £1 each (10s. for each additional copy of 
the same translation). The Council again wishes to 
thank those organizations and individual: who have 
kindly made translations available for inclusion in the 
Series. Translations were also made for various Members 
at their own expense. 

JOINT LIBRARY AND INFORMATION 
DEPARTMENT 

Continued extensive use was made of the Library and 
Information Department by Members, Government 
departments, universities, and research laboratories. 
During 1954, 14,445 publications were borrowed (13,640 
in 1953). Two hundred and sixty-eight new textbooks 
were acquired in the same period (310 in 1953). The 
Council wishes to thank those who have presented copies 
of their works to the Library. 

Photographic copies of documents can under certain 
conditions be obtained for Members, both at home and 
overseas; during 1954 128 photocopies and 99 microfilms 
were supplied to Members (the corresponding figures for 
1953 were 119 and 61). Seventy-five of the photocopies 
and 97 of the microfilms were made for Members overseas. 

The Information Department answers questions about 
the scientific and technical literature, but does not give 
the kind of advice which is normally within the field 
of the metallurgical consultant. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 

The Council again wish to express their pleasure at 
the close co-operation which exists between the Institute 
and the British Iron and Steel Research Association. 

The A:sociation has continued to use the Library, 
Information, and Abstract Services and to publish many 
of their research reports in the Journal or in the Special 
Report Series. Reports of the activities of the Association 
appear in the News Section of the Journal. 

Arrangements were made by which Members attending 
the Autumn General Meeting could also attend one of 
the Open Days of the Battersea Laboratories of the 
Association. 


RELATIONS WITH OTHER SOCIETIES 


Co-operation and friendly relations between the 
Institute, Th: Institute of Metals, and the Institution 
of Metallurgists were maintained during the year. Close 
relationships also continued with scientific and technical 
Societies at home and abroad. 


Affiliated Local Societies 


There are now eleven Affiliated Local Societies, as 

follows: 

Cleveland Institution of Engineers 

Ebbw Vale Metallurgical Society 

Leeds Metallurgical Society 

Lincolnshire Iron and Steel Institute 

Liverpool Metallurgical Society 

Manchester Metallurgical Society 

Newport and District Metallurgical Society 

North Wales Metallurgical Society 

Sheffield Society of Engineers and Metallurgists 

Staffordshire Iron and Steel Institute 

Swansea and District Metallurgical Society 


The arrangements by which the Institute pays to a 
Local Society a capitation grant of 5s. per annum for 
each joint member were continued. Members of Affiliated 
Local Societies continued to be able to pay reduced 
subscriptions to the Institute (for Ordinary Members 
£3 13s. 6d. instead of £4 48. Od. p.a.; for Associate 
Members £1 11s. Od. instead of £1 15s. Od. p.a.). 
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Joint Meetings 


Joint meetings were held during the year between the 
Institute (including the Engineers Group) and the 
following Affiliated Local Societies: Cleveland Institution 
of Engineers, Ebbw Vale Metallurgical Society, Liverpool 
Metallurgical Society, North Wales Metallurgical Society, 
Newport and District Metallurgical Society, Sheffield 
Society of Engineers and Metallurgists, and Swansea and 
District Metallurgical Society. 

Joint Meetings were also held with The Institute of 
Metals (Sheffield Local Section), the West of Scotland 
Iron and Steel Institute, and the Société des Ingénieurs 
Civils de France (London Section). The Institute also 
held a joint technical session with The Institute of Metals 
and the Société Frangaise de Métallurgie during their 
Spring Meeting in London (organized by The Institute 
of Metals), at which papers connected with iron and 
steel were presented and discussed. 


Metallurgical Societies Overseas 


The number of ‘kindred’ societies overseas is now 
eighteen: 

American Institute of Mining and Metallurgical 
Engineers 

American Iron and Steel Institute 

American Society for Metals 

Association des Ingénieurs sortis de l’Ecole de Liége, 
Belgium 

Associazione Italiana di Metallurgia (Italy) 

Association Luxembourgeoise des Ingénieurs et 
Industriels (Luxembourg) 

Australian Institute of Metals 

Canadian Institute of Mining and Metallurgy 

Indian Institute of Metals 

Instituto del Hierro y del Acero (Spain) 

Jernkontoret (Sweden) 

Koninklijk Instituut van Ingenieurs (Holland) 

Norsk Metallurgisk Selskap (Norway) 

Société Francaise de Métallurgie (France) 

Société Royale Belge des Ingénieurs et des Indus- 
triels (Belgium) 

Verein deutscher Eisenhiittenleute (Germany) 

Verein Eisenhiitte Oesterreich (Austria) 

Jerein Schweizerischer Maschinen-Industrieller 
(Switzerland) 

Members of the Institute who are Members of, or are 
on the staffs of member firms of, any of the above 
Societies, if resident in the countries concerned, pay 
reduced subscriptions to The Iron and Steel Institute. 


Representation at Meetings 


The President and the Secretary represented the 
Institute at the meetings of the Société Frangaise de 
Métallurgie in Paris on 24th-30th October, 1954, and of 
the Verein deutscher Eisenhiittenleute in Diisseldorf on 
4th and 5th November, 1954. Mr. A. Post, Joint Assistant 
Secretary, represented the Institute at the Annual 
Meeting of Verein Eisenhiitte Oesterreich in Leoben, on 
29th and 30th May, 1954, and gave a paper in German 
on “‘ Developments in the British Iron and Steel Industry 
since 1945.” 


JOINT METALLURGICAL SOCIETIES MEETING 
IN EUROPE 1955 

The American Institute of Mining and Metallurgical 
Engineers and the American Society for Metals have 
accepted invitations from The Iron and Steel Institute, 
The Institute of Metals, the Verein deutscher Eisen- 
hiittenleute, the Deutsche Gesellschaft fiir Metallkunde, 
the Centre National de Recherches Métallurgiques, the 
Société Francaise de Métallurgie, and Jernkontoret to 
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hold a Joint Metallurgical Societies Meeting in Europe 
in 1955. The Meeting will be held in Great Britain, 
Germany, Liége (Belgium), and France from Ist to 
18th June, 1955. The arrangements in Great Britain 
are being made jointly by the Institute and The Institute 
of Metals. Post-meeting tours will be arranged to 
Austria, Italy, Spain, and Switzerland. 

The Secretary has represented the Institute at meet- 
ings of the European Committee, which is responsible 
for the general organization, and is also serving as 
Honorary General Secretary. 


BRITISH WELDING JOURNAL 


The first year of operation of the arrangements by 
which the Institute undertakes the production of the 
British Welding Journal on behalf of the Institute of 
Welding and the British Welding Research Association 
has been successfully completed. The new publication 
has been well received. 


TRANSACTIONS OF THE SOCIETY OF 
INSTRUMENT TECHNOLOGY 
Arrangements have been made with the Society of 
Instrument Technology for the Institute to produce the 
quarterly Transactions of the Society as from Ist January, 
1955. 


PRESENTATIONS TO THE INSTITUTE 


William Jessop and Sons, Ltd., have presented two 
stainless-steel finger plates for the front door of the 
offices of the Institute. 

Mr. R. W. Evans has presented three original oil 
paintings by G. F. Harris, of W. Menelaus (President, 
1875-77), Windsor Richards (President, 1893-95), and 
Edward Williams (President, 1879-81). 

Imperial Chemical Industries Ltd. have sent through 
the Institute of Metals the sum of £21 as a token of 
appreciation of the services rendered to the Company 
by the Joint Library, expressing the hope that the 
donation might be spent on books or other articles of 
use to the Library. 

The Council offer their thanks to these donors for 
their generous presentations. 


EDUCATION 


Joint Committee on Metallurgical Education 


By mutual agreement between The Iron and Steel 
Institute, the Institution of Mining and Metallurgy, The 
Institute of Metals, the Institute of British Foundry- 
men, and The Institution of Metallurgists, the Joint 
Committee on Metallurgical Education (Chairman, Mr. 
D. R. O. Thomas) was dissolved at the end of 1954; 
it was also agreed that future work within the field of 
the Committee’s interests should be carried on by 
The Institution of Metallurgists through the Institution’s 
Education Committee. 

In order to maintain continuity (but to avoid dupli- 
cating Committees) and to provide for the continued 
interest in metallurgical education of the other societies, 
The Institution of Metallurgists has agreed to invite each 
of the other four societies to appoint two representatives 
to join the Institution’s Education Committee. 


Joint Committee for National Certificates in Metallurgy 


By agreement between The Iron and Steel Institute, 
the Institution of Mining and Metallurgy, The Institute 
of Metals, and The Institution of Metallurgists and with 
the concurrence of the Ministry of Education, secretarial 
services for the Joint Committee for National Certificates 
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in Metallurgy will from Ist January, 1955, be provided 
by The Institution of Metallurgists instead of by The 
Iron and Steel Institute, by whom they have been 
provided since the formation of the Joint Committee in 
1945. The Registrar-Secretary of The Institution of 
Metallurgists will serve as Secretary of the Joint Com- 
mittee. 


Sheffield University—Institute Prize 

The Iron and Steel Institute Prize (£10 10s. Od.) at 
Sheffield University was, in 1954, awarded to Mr. 
Geoffrey Greetham, who obtained the degree of B.Met., 
with Honours. 


HONOURS CONFERRED ON MEMBERS 
The Council offer their congratulations to Members 
who have received honours or appointments during the 
year. Their names have been recorded in the News of 
Members columns of the Journal. 


FINANCE 


The Accounts for 1954 are appended 
(Figures for the previous year are printed in brackets for 
comparison) 


GENERAL FUND 
Income and Expenditure Account 

Some changes have been made in the Income and 
Expenditure Account in order to make it clearer. The 
Publications Account is no longer shown separately, as 
the omission of Salaries and other charges from this 
account was thought to be misleading; instead, the 
principal figures are shown in the Income and Expendi- 
ture Account of the General Fund. Income and Expendi- 
ture on Special Reports, etc., are not included as it is 
more satisfactory to charge these to a Suspense Account, 
since sales frequently do not fall in the same year as 
expenditure; the balance each year will be taken to the 
Balance Sheet. (For 1954 the credit balance was £5; 
an account operated on similar lines would, during the 
last six years, have shown a surplus of about £2000). 
Expenses incurred in collecting advertisements, including 
travelling, are now more appropriately set against 
income from this source instead of being shown in the 
General Account. 

The figures for the previous year (1953), which are 
printed in the left-hand columns of the copies of the 
audited accounts and which are enclosed in brackets in 
this report, have been adjusted to ensure that they are 
comparable. 

Income for the year ended 3lst December, 1954, 
exceeded expenditure by £3109 (£3541). To this is 
added £221, being the Net Surplus on the Special Meeting 
in Sweden, making the total available surplus £3330 
(£3541). 

Total Expenditure was £75,024 (£70,296). The increase 
is mostly due to an increase of £3469 in Salaries, to a 
new charge of £895 for Staff Luncheon Vouchers, and 
to an increase of £967 in other Administrative Expenses, 
the chief items being the cost of printing and stationery 
and Meetings. The cost of Publishing (excluding Special 
Reports, ete.) increased by £2011. Establishment 
Expenses were £284 lower. Gross Income was £78,354 
(£73,837). The increase of £4517 is due to an increase in 
the income obtained from the Journal and other publishing 
activities; these produced £50,906 as against £45,524 in 
1953, an increase of £5482. On the other hand, payments 
for services from Committees and other organizations were 
reduced from £7350 in 1953 to £6000, owing to a reduction 
of £1000 in the payment received for services rendered 
to the British Iron and Steel Research Association and 
the cessation of payments from The Institution of 
Metallurgists and the Joint Committee on Metallurgical 
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Education. Income from current subscriptions is slightly 
up—£17,080 instead of £17,013 in 1953—and total 
income from subscriptions slightly down—£17,550 
instead of £17,574 in 1953—owing to a drop in the 
amount of arrears collected. Subscriptions outstanding 
or in arrears are not included in the income and expendi- 
ture account and are not valued in the Balance Sheet. 


Accumulated Fund 

The total surplus for the year, £3330, and the Library 
Reserve of £500, which is no longer required, have been 
taken into the Accumulated Fund. 

Transfers made from the Accumulated Fund to 
Reserves for the Comprehensive Index, Supplementing 
Staff Pensions and Decorations, Repairs, and Equipment, 
and to the House Fund, total £3750. The result is that the 
Accumulated Fund at the end of the year was approxi- 
mately the same as at the beginning—£36,180 at 31/12/54 
instead of £36,100 at 31/12/53. This Balance of the 
Accumulated Fund is carried to the Balance Sheet. 


House Fund Cost of Lease Account 

In order to simplify the Balance Sheet, a separate 
House Fund Cost of Lease Account has been prepared. 
This shows that the amount written off the lease during 
the year is £1410 (£1108). 


Balance Sheet at 31st December, 1954 


The Balance Sheet, except for items to which reference 
has already been made, is drawn up in the same form 
as last year. 

It will be noted that as a result of the transfer from the 
Accumulated Fund referred to above, the Reserve for 
Repairs, Decorations, and Equipment has been increased 
from £1000 to £3000. Since the end of the year a contract 
has been placed for cleaning and redecorating and other 
building work at the Institute’s offices at No. 4 Grosvenor 
Gardens, London, 8.W.1. Much of this work is obligatory 
under the new lease, which runs from September, 1955. 
This work will involve an expenditure estimated at 
about £4000. The Reserve of £3000 is available to set 
against this expenditure, leaving only the balance to 
be charged against income in 1955. 

The total of the Accumulated Fund, Life Composition 
Fund, and Sundry Provisions amounts to £48,180 
(£45,693). The House Fund stands at £54,450 (£53,700). 


TRUST FUNDS 


The Accounts of the Trust Funds are shown in the 
usual form. The amounts standing in the Accumulated 
Funds are as follows: Andrew Carnegie Trust Fund 
£8340 (£8067); Williams Prize Fund £834 (£905); 
Bessemer Medal Fund £42 (£61); Sir Robert Hadfield 
Fund £30 (£25). 

INVESTMENTS 


The market value of the investments of the General 
Fund and of the Trust Funds again increased during 
the year and at 3lst December, 1954, was in each case 
in excess of the cost at which they are taken into the 
Balance Sheets. The total figures for the investments of 
the General and Trust Funds at 3lst December, 1954, 
were as follows: Nominal value, £96,992 (£86,992); Cost, 
as included in the Balance Sheets, £86,197* (£76,066); 
Market value £91,891 (£79,503). The above figures for 
the Institute’s investments at 3lst December, 1954, 
include for the first time the investments of the House 
Fund as follows: Nominal value, £10,000; Cost, £10,131; 
Market value at 31/12/54, £10,300. 


* This figure includes £474 15s. Od. British Transport 
3% Guaranteed Stock 1978/88 at the figure of £400 at 
which it is included in the Balance Sheet of the Bessemer 
Medal Fund. 
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THE IRON AND STEEL INSTITUTE 


SCHEDULE OF INVESTMENTS AT 3lst DECEMBER, 1954 
SHOWING NOMINAL VALUES, COST, AND PRESENT MARKET VALUES 
Market Value, 




















Nominal Nature of Security 31st December, Cost 
Value g . , 1954 Value 
GENERAL FUNDS OF THE INSTITUTE 
£ 8. d, £ £ 
2,197 7 0 34% War Stock... 1,917 2,161 
1,324 7 4 3$% Conversion Loan os ae he - oe ee - cs re we ee a6 1,172 1,254 
2,954 1 0 4% Consolidated Stock .. a a ies wi ss Ss - SS 3, ¥ mn 2,851 3,176 
12,242 19 3 4% Funding Loan 1960/90 3 a Ss en ba a ae a ne * 12,610 9,512 
J 0 0 3% Defence Bonds (P.O. Register) 1,000 1,000 
2,000 0 0 3% Savings Bonds 1955/65 2,000 2,000 
5,000 0 0 do. 1985/65 5,000 4,972 
2,000 0 0 do, 1960/70 1,920 2,000 
1,500 0 0 do. 965/75 1,410 1,500 
4,854 2 0 British T: ransport 3% Guaranteed Stock’ 1978, 88 4,247 5,407 
£34,127 £32,982 
LIFE COMPOSITION FUND 
587 13 10 34% Conversion Loan 5 - em ¥% os om a me i ox ce oa 520 513 
20515 6 34% War Stock .. 5 Ss ae ig re i aS a - ss a 80 212 
681 13 0 4% Funding Loan 1960/ 90 oe os > aie 50 yn eis i aoe as 702 600 
196 10 1 do. 1960/90 os oie - nik ne e - v 202 231 
2,615 11 2 British Transport 3% Guaranteed Stock’ 1978/88 Ss mr ii re a oa oe - 2,288 1,893 
1,250 0 0 3% Defence Bonds (P.O. Register) o. is or an as ns % Be or 1,250 1,242 
2 0 0 34% Defence Bonds (P.O. Register) os ee oe oe ee os én oe = “2 250 248 
£5, 392 £4,939 
ANDREW CARNEGIE RESEARCH FUND 
(Trustees: Sir William Larke, K.B.E., The Hon. R. G. Lyttelton, N. H. Rollason) 
6,897 14 11 34% ™ + Stock .. aS i ks ba Se re oe aA a se ie <4 6,018 6,896 
800 0 0 oe os se oe “ = os eva ae os ae oe 698 794 
2,693 12 0 34% aia Loan ; j ne ef se Me a 5 = 7 es a 2,384 2,007 
3,922 14 10 3% Serial Funding Stock 1955 i. am s 55 - a ~~ ee 3,952 3,998 
1,793 15 0O British Electricity 3% Guaranteed Stock 1 1968/ 73 es = oa * - “ss a os 1,704 1,762 
2,166 18 7 3/8 JF unding Stock 1960) 90 : * = om aa oie we 3 = 2,231 2,643 
500 0 O 4 Defence Bonds (P. 0. Register) ne o% oa bie 8 se x Ps ai 5% 500 500 
1,250 0 0 Defence Bonds (P.O. Register) a = se i be oe as m os sy 1,250 1,250 
750 0 0 Hs Defence Bonds (P.O. Register) is = = = st a .S GW 750 745 
17,812 10 3 British Transport 3% Guaranteed Stock 1978/ 88 Ba she a <n es ve i 4 15,586 10,863 
1,000 0 0 3% Savings Bonds 1955/65 ; s An oe. e = < ‘6 * 1,000 1,000 
2,250 0 0 do. 1960/70 os oi oe as 7 oe es 4 ws “< a 2,160 2,250 
£38,283 £34,708 
WILLIAMS PRIZE FUND 
(Trustees: Sir William Larke, K.B.E., The Hon. R. G. Lyttelton, N. H. Rollason) 
3,452 15 7 34% Conversion Loar oe oe oe oe aa is oe ne Te es 3,056 2,670 
100 0 0 34% Defence Bonds (P. 0. Register) is os ~ a cs “es 0% ie Sa an 100 99 
£3,156 ‘£2,769 
SIR ROBERT HADFIELD MEDAL FUND 
267 11 2 3% Savings Bonds 1955/65 ae _ on oe se ee oe os ee ee ‘se £268 £268 
BESSEMER MEDAL FUND 
(Trustees: Desmond Lysaght, The Hon. R. G. Lyttelton, N. H. Rollason) 
47415 0 British Transport 3% Guaranteed Stock 1978/88 oa é* F on es oe oe ‘s £415 an 
HOUSE FUND 
10,000 0 0 4% Funding Stock 1960/90 Maeeper BS ks Gee ee se Gs. - egsl bee va £10,131 
(Signed) W. Barr, (Signed) K. HEADLAM-MORLEY, 
Hon. Treasurer Secretary 


We have examined the foregoing Balance Sheets and Income and Expenditure Accounts with the Books and Vouchers of the Institute and 
certify them to be correct. We have also verified the balances at the Bankers and the Securities for the Investments shown above. 


FINSBURY CIRCUS HOUSE, (Signed) W. B. KEEN & CoO., 
BLOMFIELD STREET, E.C.2 Chartered Aceountants 
2nd March, 1954 
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A Note on Hairline Cracking 


IN H.F.-MELTED LOW-ALLOY STEEL 


INGOTS WEIGHING ABOUT I ewt. 


EFERENCE has been made in the literature }-* to 
R the affinity of zirconium for hydrogen and other 

gases, and confirmatory evidence was obtained 
from laboratory-melted sand castings of Inconel 
(nickel-chromium-iron alloy), in which porosity be- 
lieved to be due to hydrogen was eliminated by an 
addition of zirconium to the melt. 

It is usually accepted that hydrogen is an important 
factor affecting hairline cracking in steel,* and it was 
considered that, in view of the observations referred 
to, study of the effect of zirconium on the incidence 
of hairline cracks in steel would be of value. 


Development of Technique for Sensitizing Laboratory- 
Melted Steels to Hairline Cracking 
Various methods of sensitizing 100-lb. H.F.-melted 
heats were tried. The procedure found to give the 
most consistent results incorporated three special 
features : 
(i) The melting base was low-alloy steel scrap 
which was allowed to rust before use. 
(ii) The charge was melted as quickly as possible 
under a heavy cover of moistened lime 
(iii) Any tendency to “ boil”? was immediately 
counteracted by additions of ferro-silicon. 
The type of steel used was of the following nominal 
composition : 
C, 0-3%: Si, 0-6-1-0%; Mn, 0-7%: Ni, 2-5%; 
Cr, 0-65%; Mo, 0-55%. 
The high silicon content was due to the use in some 
heats of an addition alloy containing 40% Si, 40% 
Zr, 20% Fe. Silicon additions were made to the other 
heats to secure comparable compositions throughout 
the series of melts. 
The heats were poured into 5}-4-in. dia. ingot 
moulds and the ingots were reheated to 1150°C.. 








Manuscript received 19th August, 1954. 
Mr. Wood is with the Mond Nickel Company, Ltd. 
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By D. R. Wood, M.A., A.I.M. 


SYNOPSIS 
The paper describes experiments carried out on castings of 
Inconel (Ni-Cr—Fe alloy) to investigate the effect of zirconium in 
inhibiting hairline cracking due to the presence of hydrogen. The 
results suggest that on a laboratory scale additions of zirconium 
inhibit hairline cracking to an extent which depends on the amount 
of zirconium added. 1044 


before forging to 33-in. square. The billets were 
allowed to cool freely in air after forging and were 
sectioned for electromagnetic examination and fracture 
tests. Typical sections showing cracks and “ snow- 
flakes’ in a steel susceptible to hairline cracking 
are shown in Figs. la and 0. 


Effects of Adding Zirconium to Crack-Sensitive Steel 

The experimental observations described in Table I 
refer to heats of steel melted by the standard pro- 
cedure ; they are shown in three groups : 

(i) Zirconium-free heats 

(ii) Heats having additions of zirconium and 
aluminium 

(iii) Heats treated with zirconium only. 

The five zirconium-free heats all showed cracking, 
whether aluminium had been added or not, and the 
heats to which additions of zirconium up to 0°3% 
had been made showed no significant reduction in 
cracking. Treatment with 0-5% zirconium, however, 
effected a significant reduction, to the extent of 
almost complete elimination of cracking. The third 
group of heats, to which additions of zirconium only 
were made, confirmed these results. 

In view of the reduction of hairline cracking resulting 
from the treatment of steel with zirconium, it was 
considered desirable to carry out a limited number of 
tests to determine the effect of zirconium on other 
properties. 

As was to be expected from the work of Crafts 
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(a) 


and Lamont,> end-quench tests confirmed that 
hardenability was increased by zirconium. The tensile 
properties of fully hardened and tempered steel 
samples containing 0-10% of zirconium (0:3% of 
zirconium added) were unchanged, but the Izod 
impact properties were reduced from 50 to 35 ft. Ib. 


(b) 


Fig. 1—Hairline cracking in experimental heats of steel : (a) Transverse section, (6) fractured surface, showing 
‘snowflakes’ 


Gas-analysis determinations, carried out by the 
vacuum-fusion method on chill-cast sticks poured 
from two of the zirconium-treated heats (L775 and 
L792) at tapping, gave hydrogen contents of 8-0-8-9 
and 5:5-6:1 c.c. of hydrogen per 100 g. of steel, 
respectively. Such contents are considerably higher 





























Table I 
HAIRLINE CRACKING IN H.F.-MELTED STEEL INGOTS WEIGHING ABOUT 1 cwt. 
| Amount of Cracking 
Hea | Additions After Deoxidation with | Zirconium i 
No. | Silicon and Manganese | Content of Steel, % Electromagnetic Fracture 
| Examination 
L559 0.05% Al | Moderate Moderate 
L564 0.05% Al | * None 
L464 None Extensive Moderate 
K265 (Ingot 1) + | Moderate None 
L543 ” H | Extensive Moderate 
L560 | 09-05% Al + 0-1% Zr 0-02 | Moderate Moderate 
L561 0-05% , +0-2% ,, | 0-03 - % 
L562 | 00-05% , +0-3% ,, | 0-12 | 7 ” 
L639 0-:05% , +0-3% ,, 0-13 ” ” 
L792 0-05% , +0-3% ,, | eg | i a 
L705 | 005% ,, +0-5% , | 0-20 | Very ‘slight 
L855 0-:05% , +0-5% ,, me None | None 
| 
L544 0-1% Zr 0-028 | Moderate | None 
L707 0-3% 5 0-12 | ” Slight 
L775 0.3% ,, | = Extensive H Moderate 
L465 0-5% 5 0-19 None None 
K265 (Ingot 2) 0-5% 0.25 ” 
L856 0-5% es | Very slight | -” 
| | 
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CORRESPONDENCE ON GRAPHITIZATION OF STEEL 


than those normally achieved in acid open-hearth 
practice and somewhat higher than those of basic 
electric steel of similar composition. 


Comments on Results 

The experiments show that on a laboratory scale 
additions of zirconium inhibit hairline cracking to 
an extent which depends on the amount of zirconium 
added. It is quite likely, however, that in commercial 
steelmaking the amount of zirconium which would be 
needed to secure immunity from hairline cracking 
would be appreciably lower than the 0-5% indicated 
as required in the present experiments, in which 
special means were used to increase the hydrogen 
content of the steel. 

It is appreciated that zirconium has a number of 
other effects on steel, including modification of the 
type and distribution of non-metallic inclusions, but 
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the purpose of this note is to demonstrate the interest- 
ing possibilities of zirconium in inhibiting hairline 
cracking, since a significant advantage would be 
gained if this effect could be exploited on an industrial 
scale. 
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Correspondence on the Paper— 


THE GRAPHITIZATION OF STEEL 
By R. H. Hickley 


Mr. A. Allison (Sheffield) wrote: The study of graphi- 
tization of high-carbon steel by Dr. Hickley and Pro- 
fessor Quarrell leads to certain conclusions which to some 
extent may be supported by evidence from industrial 
sources. 

The phenomenon of ‘black steel’ or graphitization 
in the fracture of high-carbon steel has been known for 
generations in Sheffield, and was exhaustively discussed 
at the local metallurgical society. In a rare volume of 
proceedings—the only one issued, in 1892—it is recorded 
that underheating for hot rolling was probably the 
principal cause. At that period, aluminium was little, 
if at all, used in crucible-steel melting and could be 
excluded. 

Silicon was thought to be one cause and it was agreed 
that some kinds of clay used for making crucibles tended 
to throw silicon into the steel. 

The trouble was mostly confined to ‘ three-square ’"— 
i.e., sections for triangular files—but rounds sometimes 
had it. The filemakers demanded that the bars should 
be of exact section with a smooth finish, and this was 
achieved by putting the bar through the finishing pass 
in the rolls three times. 

Naturally, unless well heated at the beginning the 
piece would be very cool when the finishing rolling was 
applied so slowly. At that period the quality of the 
bar was judged by fracture, but since the graphitization 
was internal, probably the files would be no worse, as 
the exterior would harden correctly. 

In producing thin high-carbon strip for pen nibs, 
light springs, razor blades, etc., many cold-rollings and 
annealings are required to reduce the steel to the gauge 
required. In my experiments, three coils of strip 
(1-21% C) were observed, after each stage. After four 
annealings and three cold-rollings graphite appeared in 
one coil, by analysis. After five annealings and four 
cold-rollings graphite increased in one coil and another 
coil was affected. 
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AT SUBCRITICAL TEMPERATURES* 
and A. G. Quarrell 


After eight annealings and seven cold-rollings all three 
coils were affected, the first coil observed having 0-77% C 
as graphite, and the other two 0:01% and 0-11%, 
respectively. 

It may be considered surprising that the graphitization 
should be progressive from stage to stage, except that, 
as the authors indicate, length of annealing time is an 
important factor. Microscopic examinations showed 
that the graphite was elongated by cold-rolling and 
appeared to be connected with the globules of carbide. 


AUTHORS’ REPLY 


Dr. R. H. Hickley and Professor A. G. Quarrell wrote: 
We thank Mr. Allison for his useful comments on 
graphitization in industrial practice. As he points out, 
these support some of our own views. It is particularly 
interesting to hear that as long ago as 1892 the effect 
of underheating for hot-rolling was recognized. It seems 
possible that the final rolling of the ‘ three-square ’ 
sections of high-carbon steel was done at subcritical 
temperatures at which both the plastic deformation of 
the steel and the silicon present would promote graphiti- 
zation. 

In the production of the thin high-carbon steel strip 
cold-working followed by subcritical annealing will also 
promote graphitization. Cold-working will encourage 
the formation of the graphite nuclei and we should expect 
the size of the graphite particles to increase progressively 
with the number of anneals. It is clear from our work 
that graphite nucleation is very sensitive to prevailing 
conditions and small differences in these may be res- 
ponsible for the different rates of graphitization observed 
by Mr. Allison. 





* J. Iron Steel Inst., 1954, vol. 178, Dec., pp. 337-346. 
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Some Additional Creep and Rupture Data : 
t] 
tl 
ON MOLYBDENUM, CHROMIUM-MOLYBDENUM d 
- 9 9 se 
. ‘ 
By J. Glen, AND MOLYBDENUM-VANADIUM STEELS fc 
a 
B.Sc., A.R.T.C., F.1.M. = 
CC 
SYNOPSIS th 
Creep tests have been carried out to show how the creep resistance of a steel changes owing to the effect of prolonged th 
exposure to stress and temperature. The effect of prior heat-treatment on this change is also considered and the rT 
limitations of short-time creep tests are discussed. Long-time creep and rupture tests have been carried out on test : 
pieces from about ten open-hearth casts of each of three types of steel: 0-59, Mo; 0-8%% Cr, 0-59 Mo; and 0-5% Mo, in 
0-25°%, V. From these data an estimate has been made of the creep and rupture strength for a life of 100,000 hr. st 
The results show that the Mo-V steel has creep and rupture properties much superior to the other two steels. de 
The elongation at fracture of the rupture tests was measured, and it was noted that at any given temperature 
the elongation at fracture first decreased with increasing time to fracture and then increased with still longer times. Ww. 
It was also noted that as the temperature of testing was reduced a longer time was required to reach the minimum du 
elongation and that the value of elongation at the minimum decreased with decreasing temperature. The elongation m 
of the 0-5°%, Mo steel became very low with long times of testing, but the elongation of the Cr-Mo and Mo-V steels us 
remained high even in periods approaching 100,000 hr. 1075 as 
‘ : a eon th 
ROM 1939 to 1945 progress in the development of of the long-time properties is the possibility of a alt 
steam-power plant was suspended in the U.K., change in the creep resistance during prolonged an 


but since the war the trend to higher operating 
temperatures has continued at a much increased pace. 
Conditions are now such that to avoid the use of 
unduly heavy sections a steel should be stressed to 
the maximum possible limit compatible with safety. 
Thus, the provision of reliable creep-test data on low- 
alloy steels is of paramount importance. Unfortu- 
nately, to quote a recent paper,’ “ The situation in 
the important case of long life requirements, where the 
operating period far exceeds possible testing times is 
very unsatisfactory and extremely disappointing 
considering the enormous volume and cost of the 
associated testing done during the last fifteen years 
and more.” 

To date, long-time creep-test data has been 
published on only three types of steel: carbon steel,?-4 
0-5% molybdenum §steel,4)5 and molybdenum-— 
vanadium steel.6 Rupture-test data of more than 
10,000-hr. duration are very meagre, but results of 
some tests have been reported for molybdenum 
steel,® 7 chromium—molybdenum steel,® and molyb- 
denum—vanadium steel.® 7 

Admittedly a great deal of other creep-test data 





exposure to stress and temperature. The extent of 
this change may not be apparent from the results of 


conventional creep tests. Some indication of the 
importance of this problem can be seen from the creep- 
test results given in Fig. 1. Steel Z appears to have 
a much greater creep resistance than steel Y when 
the steels are tested in the normalized condition, but 
appears to be much worse after tempering for 5 hr. 
at 650°C. This change in creep resistance was 
obtained by tempering before testing, but such a 
change can also occur during the actual creep test. 

Similarly, during the 100,000+- hr. during which a 
steam-power component is subjected to the operating 
temperature, the creep properties alter slowly to a 
greater or lesser extent, depending on the temperature 
and on the type of steel used. Obviously, therefore, 
without further information it is impossible to state 
whether steel Y or steel Z would be the best for long- 
time service conditions. The first part of this paper, 


therefore, is concerned with a more detailed study of 





























have been published in various countries, but rarely 5. weeeoncamey ie maa pa — 
have these creep tests exceeded 1000-hr. duration. ——Normalized 950°C. 4, is 
Various methods of extrapolation have been used to ® —[---Normolzed*Sh. | ye” 
estimate the stresses for long-time service, but some 2 siete oer Steel Y 
of these are open to criticism. This aspect of-the £01 =oe= a a 
subject has been emphasized by Bailey,1 who has a ee ee ee a 
carried out a detailed analysis of this whole problem. & | 72=--71 i TT nt meee 
The most important single factor to be considered 
when extrapolating creep data to obtain an estimate fe) OO e's) 500 BOO i0D0 
Manuscript received 25th October, 1954. ae 
Mr. Glen is in the Research Department of Colvilles 
Ltd., Motherwell. Fig. 1—Creep-test results 
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the effect of long time at the service temperature. 
Bailey! has called this effect ‘ thermal action.’ 

In the past design stresses have been based on a 
very conservative estimate of the steel’s capabilities. 
Also, the use of formule based on elastic theory to 
calculate the stress in piping meant that the actual 
stresses developed in the steel were much lower than 
the designer intended. In fact, it is now known that 
the service stresses were normally such that the 
deformation rarely exceeded 0-1%%, in 100,000 hr. of 
service. The tendency now is to use a modified 
formula® and also to increase stresses by tolerating 
a higher permissible deformation. In some cases 
0-5% or even 1% deformation in 100,000 hr. is being 
considered for tubes and pipes. 

Such changes in design procedure are safe provided 
that the creep properties are accurately known. Since 
the stresses for 0:5% deformation or rupture in 
100,000 hr. may in some cases not differ appreciably, 
in the interests of safety the rupture strength of the 
steel should be investigated. In addition if high 
deformations are permitted it is important to know 
whether or not a steel is liable to fail with a low 
ductility. This information can be obtained from 
measurement of the elongation in rupture tests. Some 
users place so much importance on ductility that they 
use Cr—Mo steel in preference to 0-5°% Mo steel because 
they consider the former to have a better ductility, 
although the long-time creep properties of Cr—Mo steel 
are not known with the same degree of accuracy. 

The second object of this paper, therefore, is to add 





to the existing knowledge of long-time creep and 
rupture properties with particular reference to Cr-Mo 
and Mo-V steels. 


DETAILS OF EXPERIMENTAL STEELS 


Most of the steels tested were made by the open- 
hearth process and were deoxidized by the addition 
of silico-manganese and ferro-silicon to the ladle. A 
small addition of aluminium was also used, but in no 
case did it exceed 8 oz. per ton of steel. Two of the 
steels (0-5°% Mo steel W and Cr—Mo steel m) were made 
in an 18-lb. H.F. furnace. The steel letters, the section 
size of the test material, the heat-treatment, and the 
analyses are given in Tables I-IV. Tests were carried 
out on ten 0:5% Mo steels, twelve Cr—Mo steels, and 
eleven Mo-V steels. 


‘THERMAL ACTION’ 


Bailey! has considered the effect of thermal action 
on the derivation of design stresses and has emphasized 
the fact that the extrapolation procedures used to 
determine the creep properties at 100,000-hr. life do 
not take into consideration the effect of thermal 
action. Thus, at present the only reliable results are 
those based on tests of very long duration. 

It seems reasonable to believe that the structural 
changes responsible for the change in creep properties 
can be characterized as Bailey has suggested by an 
exponential function of the type ¢ = Ae*/?. It is not 
yet certain, however, that the constants of the 
equation as determined by a study of the visible 
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change of massive carbide particles are necessarily 
those which relate to the structural changes influencing 
creep properties. 

Assuming that the effect of temperature is repre- 
sented by the above equation, it is possible by 
heating for various short times at a high temperature 
(e.g., 650° C.) to alter the structure to the same extent 
as much longer times at some lower temperature (e.g., 
500° C.). Thus, one method of approach to the 
problem is to investigate the effect of tempering for 
various times at 650° C. on the creep properties. 

Three of the 0-5% Mo steels and eight of the 
Cr-Mo steels were tested at a stress of 6 tons/sq. in. 
and a temperature of 550° C., in the normalized con- 
dition, and also after normalizing followed by tem- 
pering for various times up to 100 hr. at 650°C. 
Taking the time to reach a creep strain of 0-1% as 
a criterion, the results shown in Fig. 2a were obtained. 
Considering first the O.H. steels, the creep properties 
of the 0-5% Mo steels improve with up to about 
10 hr. tempering at 650°C., but they deteriorate 
rapidly with longer tempering times. The O.H. 
Cr—-Mo steels do not begin to deteriorate until the 
tempering time exceeds about 20-30 hr., and even 
after 100 hr. tempering the Cr—Mo steels are sub- 
stantially better than the molybdenum steels. 

Bailey® has suggested that Cr—Mo steel is inferior 
to 0-5% Mo steel for long-time service at high tem- 
perature, his conclusion being based on the results of 
tests on one particular steel. These results are repro- 
duced in Fig. 2a. The only Cr—Mo steel in the author’s 
tests which gave results comparable with those of 
Bailey was the one made in a small H.F. furnace and 


which after normalizing had a very fine structure. 
However, 0:5% Mo steel also has a poor creep 
resistance under such conditions (Fig. 2a). 

These tests indicate that O.H. Cr—Mo steel has 
somewhat better creep properties than 0:5% Mo steel 
made by the same process. Further evidence of this 
is given by the results of similar tests carried out on 
four of these steels at 4 tons/sq. in. and 600° C., the 
results being as shown in Fig. 2. As before, the Cr-Mo 
steel shows up to best advantage, but in this case the 
creep resistance begins to deteriorate after tempering 
for about 10 hr. at 650° C. compared with 20-30 hr. 
in the tests carried out at the lower temperature. 
Tempering even for a short time decreases the creep 
resistance of the 0-5°% Mo steel when tested at 4 tons/ 
sq. in. and 600°C., whereas the creep resistance 
increases on tempering up to 10 hr. at 650° C. when 
the tests were carried out at 6 tons/sq. in. and 550° C. 

To explore this aspect of the matter more fully, 
further tests which were continued up to a creep strain 
of 0-1% were then carried out on two steels at stresses 
of 4, 6, and 9 tons/sq. in. and various temperatures, 
the steels being tested in two conditions of heat- 
treatment, namely, normalizing at 950°C., and 
normalizing at 950°C. plus 10 hr. at 650°C., A.C. 
The results are shown in Figs. 3a and b. 

With the molybdenum steel, the tempered material 
becomes better below a certain temperature which 
depends on the stress. At 4 tons/sq. in. the tempera- 
ture is about 580°C., at 6 tons/sq. in. it is about 
565° C., and at 9 tons/sq. in. it is rather less than 
550° C., if at all. The Cr—Mo steel behaves similarly, 
but in this case the tempered steel becomes better 
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Fig. 3—Curves for 0-1% creep strain: (a) 0-5% Mo steel L, (6) Cr—Mo steel C 
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below about 625° C. at 4 tons/sq. in. and 590° C. at 
6 tons/sq. in. 

From these results it is quite evident that it is not 
correct to conclude from the results of tests at one 
stress and temperature that a steel will behave in a 
similar manner at any stress and temperature. In 
general, the tempered steel tends to be better the 
lower the temperature and/or the smaller the stress 
of testing. 

Similar results have been obtained for Mo-—V steel, 
as shown in Fig. 4. In this case, however, the steels 
were tested after normalizing at 975°C. and after 
normalizing followed by tempering for 5 hr. at 690° C., 
A.C. A similar trend was obtained but the changeover 
in properties occurs at a higher temperature and/or 
stress compared with the Cr—Mo steel. 

It might be argued that the effect of thermal action 
during the actual creep tests has not been taken into 
consideration. At constant temperature of testing, 
the time to reach 0-1% creep strain increases rapidly 
as the stress is decreased. Thus the effect of thermal 
action during the test will be greater the lower the 
stress. If these results are to be explained by the 
effect of thermal action during testing, the tempered 
steel should become the worse the lower the stress of 
testing. In fact the reverse effect was obtained. 

This apparent anomaly can be explained by con- 
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Fig. 4—Curves for 0-1% creep strain: Mo-V steel A 
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sidering how the rate of creep is influenced by the 
structural changes resulting from thermal action. For 
the steels under consideration the carbide formed on 
normalizing will not be the equilibrium composition 
but it will tend to be iron-rich. Depending on the 
temperature and the time involved, the carbide will 
change its composition but in general will become 
alloy-rich. The evidence for such changes has been 
summarized by Austin.!® In a previous paper! the 
author has shown that the tensile strength at high 
temperature as well as the creep resistance can be 
attributed to the effect of a fine dispersion of precipi- 
tated carbide particles. More recently Cottrell!® has 
confirmed this viewpoint theoretically by suggesting 
that precipitated particles are much more effective 
than solute atoms in preventing the ‘ climb’ of dis- 
locations, 7.e., in preventing creep. 

The following statement briefly summarizes the 
position. ‘Tensile tests were carried out on Cr—Mo 
steel c at a rate of loading of 0-2 tons/sq. in. per } min. 
up to the proof stress and thereafter a rate of straining 
of 0-005 in./min. The steel was tested at a series of 
temperatures in the normalized condition and also 
after normalizing followed by tempering for 10 hr., 
at 650° C., 7.e., the same heat-treatment as given to 
the creep-test pieces. The results for the 0-01°% proof 
stress and the U.T.S. are shown in Fig. 5. When such 
a steel is normalized the rate of cooling is too rapid 
to obtain the equilibrium composition of the precipi- 
tated carbide, so that the carbide formed is deficient 
in molybdenum. Consequently the proof stress of 
the normalized steel is low, as shown in Fig. 5. Above 
about 500° C., however, some molybdenum carbide is 
precipitated during the period of time the test piece 
is held at temperature before testing, with the result 
that the proof stress increases slightly. 
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Tempering for 10 hr. at 650°C. causes the iron- 
rich carbide to dissolve gradually and be replaced by 
molybdenum-rich carbide. Some of this carbide will 
spheroidize during tempering, but a considerable 
amount will still be in the coherent form at the end 
of the tempering period, so that the proof stress of 
the steel is increased. At greater amounts of strain 
other factors come into play. Above about 400°C., 
molybdenum carbide is precipitated during straining, 
resulting in an increased tensile strength compared 
with ordinary carbon steel. In the tempered condition, 
however, most of the molybdenum carbide has already 
been precipitated and partially spheroidized, so that 
the rate of strain hardening is very much reduced 
compared with the normalized material. As a result 
the tensile strength of the tempered material is much 
lower than that of the normalized material, despite 
the fact that the former has the higher proof stress. 

Considering the creep test results in Fig. 3b in 
relation to these data, it will be noted from Fig. 5 
that the creep tests at 9 tons/sq. in. and 550° C. were 
carried out at a stress exceeding the proof stress in 
both conditions of heat-treatment. Initially, there- 
fore, the rate of creep is rapid in both cases. However, 
the rate of work hardening of the normalized material 
is much greater than that of the tempered material, 
so that the creep rate of the normalized test piece 
slows down considerably and the normalized steel 
takes longer to reach a creep strain of 0-1%. At 
6 tons/sq. in. and 550°C., the proof stress of the 
normalized material is exceeded but the stress is still 
considerably below the proof stress of the tempered 
material. Thus, although the initial fast creep rate 
of the normalized material slows down considerably, 
it reaches a creep strain of 0-1% in a shorter time 
than the tempered material. At the higher tempera- 
ture of 600°C. and the same stress, conditions are 
rather different. Some molybdenum carbide precipi- 
tates in the normalized test piece before testing begins, 
so that the proof stress is just slightly exceeded on 
initial loading. Also, at this temperature molybdenum 
carbide precipitates more quickly during the progress 
of the creep test, so that the creep rate slows down 
rapidly. At 600° C. the proof stress of the tempered 
material is not much greater than 6 tons/sq. in., so 
that the creep rate initially is fairly rapid; because 
there is little molybdenum carbide left to precipitate 
the creep rate does not slow down to the same extent 
as the normalized steel. Thus, the creep curves cross 
over at about 0-05% creep and the normalized 
material takes a longer time to reach 0-1% creep. 
On testing at 650°C. and 6 tons/sq. in., the proof 
stress in both conditions of heat-treatment is much 
the same, so that the time to reach a creep strain of 
0-1% depends on the amount of carbide which can 
precipitate during the period of the test. Since this 
is much greater with the normalized material, the 
time to reach a creep strain of 0-1% is also much 
greater in this condition of heat-treatment. 

At 4 tons/sq. in. similar conditions apply but because 
of the lower stress the changeover in creep resistance 
between the normalized and normalized +- tempered 
steel occurs at a higher temperature compared with 
tests carried out at 6 tons/sq. in. Similar evidence 
could be presented for 0-5% Mo and Mo-V steel. 
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The tests shown in Figs. 3 and 4 refer only to the 
effect of one tempering time on the time to reach 
0-1% creep strain. To complete the picture it would 
be necessary to continue the tests until fracture 
occurred, and to repeat the whole series for various 
tempering times. In the absence of such data an 
approximate indication of the behaviour of a steel 
under such conditions can be obtained from the 
evidence of the few published results. 

Some of the tests referred to in Fig. 3b were con- 
tinued to a creep strain of 0-5%.® As is to be expected 
at creep strains greater than 0-1% the steel in the 
normalized condition shows up to better advantage. 
For example, on testing a Cr—Mo steel at 4 tons/sq. in. 
and 600° C., a tempering time of 10 hr. at 650°C. 
gave the best creep resistance using a creep strain of 
0-1% as the criterion. Taking the criterion to be a 
creep strain of 0-3°% or greater the normalized steel 
gave the best properties. It is to be expected, however, 
that at lower temperatures and stresses the effect of 
tempering will be less detrimental, even when con- 
sidering a creep of 0-5%. 

Indirect evidence of this is given by the result of 
a 70,000-hr. creep test on 0-5% Mo steel reported by 
Ridley.4 The steel was tested in the normalized con- 
dition at 6 tons/sq. in. and 500°C., the creep strain 
after 70,000 hr. being about 0-4%. From the 
spheroidization law,!° 70,000 hr. at 500° C. is roughly 
equivalent to 70 hr. at 650° C., and from Fig. 2a it 
is evident that this amount of tempering would result 
in very poor creep resistance in a test at 6 tons/sq. in. 
and 550°C. If thermal action has a pronounced 
effect on the test at 500° C., then after, say, 20,000 hr. 
of testing the creep rate should begin to increase 
gradually as the steel gradually deteriorates in creep 
resistance. In fact, the creep rate is still decreasing 
slowly after 70,000 hr. of testing, showing that under 
these conditions thermal action is not nearly so 
deleterious as has hitherto been supposed. Bardgett™ 
tested 0:5% Mo steel in the normalized condition and 
after normalizing followed by tempering for 167 hr. 
at 650° C. The stress used was 3 tons/sq. in. and the 
temperature 510° C., and the tests were continued for 
2000 hr. The difference between the two creep curves 
was negligible. 

About the effect of thermal action on rupture 
properties there is even less evidence. In general, 
at a high stress and temperature a normalized steel 
is stronger than a normalized and tempered steel, at 
least in tests lasting only a few thousand hours. Tests 
on Mo-V steel at 550° C. have, however, shown that 
although the normalized steel can withstand a higher 
stress than the normalized and tempered steel in tests 
lasting less than 10,000 hr. the tempered steel is the 
better for longer times of testing. 

The effect of tempering at 650° C. on the longer- 
time rupture strength of 0-5% Mo steel and Cr—Mo 
steel is not known, but probably a short time of 
tempering would at least not seriously decrease the 
rupture strength as measured by a 100,000-hr. life. 
Further tests to prove this point conclusively are of 
great importance, since in many cases a stress- 
relieving treatment at temperatures up to about 
650° C. is necessary in practice. 

A mechanical equation of state connecting the effect 
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of stress, temperature, and rate of loading on the 
stress/strain relationship at ordinary temperatures has 
been suggested, but many workers (e.g., Orowan!*) 
have shown that such an equation has only very 
limited value. From our present limited knowledge 
of the subject of creep it seems evident that there is 
even less chance of obtaining a relationship between 
the effects of stress, temperature, deformation, and 
thermal action. The author!* has made some sugges- 
tions about the effects which must be taken into 
consideration. In particular it should be realized that 
each alloying element may contribute to the creep 
resistance but that its effect may be more important 
within a certain temperature range. Obviously, there- 
fore, much more work is needed to elucidate com- 
pletely the effect of thermal action on the creep 
strength, since its effect will depend on the number 
and proportion of alloying elements present. Fortu- 
nately the effect of thermal action appears to be 
rather less deleterious than has hitherto been sup- 
posed. Nevertheless, until its mechanism is thoroughly 
understood there remains an element of doubt in any 
particular case which at present can only be removed 
by carrying out very long-time tests. 


EFFECT OF NORMALIZING TREATMENT 


The optimum properties for any particular steel are 
only obtained if the steel is given the correct heat- 
treatment. The effect of tempering has already been 
discussed but the normalizing temperature used is also 
important. 

The author has carried out creep tests on Mo—V 
steel® at 6 tons/sq. in. and 550°C., the test pieces 
being normalized at 900-1050° C. Up to about 400 hr. 
of testing, the test piece normalized at 900° C. gives 
the best creep resistance as measured by the deforma- 
tion in a given time, but if the tests are continued 
for several thousands of hours, there is a gradual 
changeover until eventually the order of creep 
resistance relates directly to the normalizing tempera- 
ture, the test piece normalized at the highest tempera- 
ture being the best. 

This series of tests was repeated, the test pieces 
being normalized and then tempered for 5 hr. at 
690° C. In this case there was no changeover in the 
order of creep resistance during testing, the creep 
resistance being better the higher the normalizing 
temperature at all times of testing. 

These tests were made on O.H. steel and showed 
that there was little advantage to be gained by 
normalizing at temperatures higher than 975°C. 
With an electric-furnace steel, on the other hand, 
comparatively poor creep properties were obtained, 
even when the normalizing temperature was as high 
as 1000° C. This difference in behaviour seems to be 
related to the very fine structure obtained on nor- 
malizing the electric-furnace steel. With a longer 
normalizing time at 1000° C. or a still higher normaliz- 
ing temperature, the structure of the steel coarsened 
rapidly and good creep properties were obtained. 
Such treatment must be carried out with care since 
if the structure is unduly coarsened the elongation in 
rupture tests may be low. 

With the Cr—Mo steel, increasing the normalizing 
temperature from 875° to 1000° C. increases the time 
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to reach 0-1% strain in tests at 6 tons/sq. in. and 
550° C. What is perhaps more interesting is that the 
thermal stability of the steel as measured by the effect 
of tempering at 650° C. decreases as the normalizing 
temperature is decreased. The results of these tests 
are shown in Fig. 6. As with the Mo-—V steel it seems 
that the coarseness of the structure is at least partially 
responsible for the change in properties. Confirmation 
of this effect is shown by the results on a small 18-lb. 
H.F. cast of steel of the same composition which gave 
a very fine structure on normalizing even at 950° C., 
but was coarsened on normalizing at 1000°C. These 
results are also included in Fig. 6. The H.F. steel 
normalized at 1000°C. gave results comparable to 
the O.H. steel, but after normalizing at 950° or 875° C. 
the H.F. steel gave poorer results in the normalized 
condition and, furthermore, the response of the steel 
to tempering was not good. 

In general, therefore, it is good practice to use the 
highest normalizing temperature possible without 
causing undue coarsening of the structure. A coarse 
structure tends to give a low elongation in high- 
temperature rupture tests and may also impair the 
notch ductility at ordinary temperatures. Since these 
tests relate to one set of test conditions, it is not 
possible to state exactly the effect of varying the 
normalizing temperature on the creep properties under 
operating conditions; to do this would necessitate a 
series of very long-time creep tests. 


SHORT-TIME CREEP TESTS 


It is standard practice to test each batch of a 
particular type of steel to prove its quality for service 
at ordinary temperatures. Inspecting authorities 
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Fig. 7—Results of time-to-fracture tests (0-5% Mo steel) 


would naturally like to see a similar test for steels 
used at high temperatures. In order that such a test 
may be carried out in a reasonably short time it is 
necessary to use a high stress and/or temperature 
compared with the operating conditions. Such a 
short-time proving test may indicate that the nor- 
malized steel is the better, although as has been 
proved in the case of the Mo-V steel the normalized 
and tempered steel is in fact the better for long-time 
service. In this case, therefore, a short-time test is 
not reliable. 

Although the same difficulty would not occur for 
0-5% Mo and Cr-—Mo steels, since they are normally 
used in the normalized condition, the author® has 
shown that if such steels are made with a slightly 
higher carbon content a much better result is obtained 
in a short-time test at a high stress and temperature, 
but a worse result in more prolonged tests, 7.e., in tests 
at a stress and temperature nearer to the operating 
conditions. Here again, therefore, the short-time test 
may not be reliable. 

Even steels of the same type which give very similar 
results in tests of 1000 hr. or more duration may vary 
considerably in short-time tests at a high stress and 
temperature, owing apparently to minor differences 
in composition and/or heat-treatment. Thus, unless 
all the facts are known, a strict comparison of steels 
on a short-time test basis may be very misleading. 
The only advantage of carrying out a short-time test 
is to eliminate a batch of steel which is grossly different 
from the standard. 

Another disadvantage of a short-time test is that 
it does not take into consideration the effect of 
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thermal action. This is clearly indicated from the 
results in Fig. 1, where the creep resistance of the 
two steels is completely reversed, depending on the 
heat-treatment used. From our present knowledge 
it is very difficult to decide which would be the better 
under long-time conditions, although in the author’s 
opinion it would be safe practice to choose the steel 
which resists the effect of tempering, particularly when 
the steel is being used nearly to the maximum tem- 
perature at which it is capable of operating. 


LONG-TIME CREEP AND RUPTURE DATA 
0-5% Molybdenum Steel 


In 1945 Tapsell and Ridley* published the results 
of long-time creep tests on 0-5°% Mo steels, the longest 
test being somewhat less than 10,000 hr. The creep 
properties in 100,000 hr. were estimated by the 
method considered to be the most reliable. To check 
the reliability of the extrapolation some of the tests 
on the steam-pipe material were allowed to continue, 
the aim being to reach 100,000 hr., i.e., the normal 
first-line service life of high-temperature power plant. 
In 1952 the results of these more prolonged tests (one 
of them having proceeded for about 70,000 hr.) were 
reported by Ridley* and it was shown that the 
original extrapolation had overestimated the stress 
to give deformations of the order of 0-1% in 100,000 
hr. but was reasonably correct for a deformation of 
0-5%. The results of this work are invaluable, but 
since it refers to only one sample of 0:5% Mo steel 
the question remains unanswered as to whether or 
not it is truly representative of this quality. An 
accurate estimate of the rupture strength in 100,000 
hr. is also desirable since the stress for rupture may 
not be much more than that for 0-5°% deformation. 

In the present investigation nine basic O.H. casts 
were tested. The composition and manufacturing 
details of these steels, together with particulars of the 
similar steam-pipe material tested by Ridley, are 
given in Table I. 

Creep tests were carried out at various temperatures 
using stresses of 6, 4, and 2 tons/sq. in. A number 
of these tests were comparatively short but most were 
of at least 1000 hr. duration and seven tests were 
continued to 5000-10,000 hr. In addition a series of 









































Table I 
0-5% MOLYBDENUM STEELS 
Steel | ~~ | C, % | Si, % 8, % P,% | Mn,% | Cr,% | Mo, % 
| | | | 
L: 1-in. dia. bar | 950° C. | 0-09 0-22 | 0-032 0-018 0-48 0-04 0-50 
M: ,, ” ” 950° C. | 0-09 0-21 0-025 0-014 0-53 0-08 0-51 
N: 3-in. dia. bar ” 0-12 0-17 0-029 0-031 0.55 0-06 0-53 
P: 1-in. sq. bar ” 0-145 0-15 0-030 0-032 0-56 0-01 0-48 
R: ” ” ” ” 0-13 0-06 0-017 0-015 0.44 0-05 0-55 
S: ” ” ” ” 0-15 0-15 0-031 0-025 0-51 0-12 0-53 
a3 ” ” 99 ” 0-125 0-13 0-038 0-018 0.57 0-03 0-52 
Ue ” 9 ” 0.10 0-19 0-036 0-010 0.48 0-04 0-50 
V: * ” 99 9 0-13 0-13 0-039 0-023 0-47 0-06 0-50 
W: ,, ” ” 900° C. 0-10 0-16 0-045 0-022 0.48 0-04 0-52 
Steam pipe: 13 in. o.d., 1-95- 920° C. 0-09 0-22 0-034 0-023 0-52 0-08 0-50 
in. wall (Ridley‘) 
1} in. dia. (Tapsell et al.’) 975° C. 0-09 0.24 0-022 0-026 0-66 0.27 0-49 
Steels L to V were made in basic O.H. furnace, steel W was made in 18-lb. H.F. furnace. 
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tests to determine the time to 
rupture at various stresses 
were carried out at 550°, 600°, 
and 650° C. The longest test in 
this series was 25,000 hr. and 
the results are shown in Fig. 7, 
the experimental points being 


represented by the _ steel 
letters. 
In Fig. 8a the _ iso-strain 


curves for the steam-pipe 
material at a stress of 6 tons/ 
sq. in. have been reproduced 
from Ridley’s paper.* On this 
diagram the results of the 
creep tests on the nine 0-5% 
Mo steels have been plotted 
using symbols to represent the 
times for 0-04%, 0-06%, 
0-1%, and 0-5% deformation 
and marking the symbols with 
the corresponding steel letters. 
The experimental points for 
0-04% and 0-06% deformation 
are, in general, located at a 
somewhat longer time than the 
corresponding points on the 
curves. At a deformation of 
0-1% and 0-5%, however, the 
agreement is very much better. 
There is some scatter of ex- 
perimental points about the 
curves, but for all practical pur- 
poses the curves can be taken 
as representative of the type 
of steel. 

The times to fracture at 6 
tons/sq. in. taken from the 
curves shown in Fig. 7 were 
plotted on Fig. 8a and a curve 


was drawn through these 
points. This curve was then 
extrapolated following the 


same trend as the iso-strain 
curves and in this way a good 
estimate of the rupture strength 
in 100,000 hr. was obtained. 

An identical procedure was 
adopted in respect to Figs. 86 
and c, which show the results 
of tests at 4 and 2 tons/sq. in., 
respectively. As before, the 
agreement between the experi- 
mental points and the curves 
was quite good. 

A common method of esti- 
mating the rupture strength in 
100,000 hr. is to plot the loga- 
rithm of the time to rupture at 
constant temperature against 
the logarithm of the stress and 
to extrapolate in a straight 
line to 100,000 hr., the actual 
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Fig. 8—Iso-strain curves from Ridley‘ and creep-test results on 0.5% Mo steel 


at (a) 6 tons/sq. in., (6) 4 tons/sq. in., (c) 2 tons/sq. in. 
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Fig. 9—Rupture in 100,000 hr., 0.5% Mo steel 


tests seldom exceeding 5000 hr. The results of such 
an extrapolation have been reported for 0-5% Mo 
steel!4, 15 and in Fig. 9 are compared with the results 
of the present investigation. In addition, results of 
tests lasting up to 20,000 hr. obtained by Tapsell 
and others’ who used a temperature/log-time extra- 
polation have also been included. These workers all 
show a somewhat higher value for the rupture stress 
than is given by the present investigation. Tapsell’s 
results agree fairly well at about 550°C., but are 
higher at lower temperatures. The steel tested by 
him, however, contained 0-279% Cr, which might 
explain the discrepancy. Since there does not 
appear to be any reason why the rupture curves 


shown in Figs. 8a—c should diverge appreciably from 
the iso-strain curves, and in view of the danger of 
extrapolating comparatively short-time tests, it is 
suggested that the results of the present work should 
be taken as being the safest. 


Chromium-Molybdenum Steel 


Chromium-molybdenum steel is being increasingly 
used to replace 0-5°, Mo steel at high temperatures 
but as yet an estimate of the long-time creep proper- 
ties has not been published. There is a wide varia- 
tion in the permissible design stress for this steel in 
various specifications and, since in some cases it is 
permissible to use a substantially higher stress com- 
pared with 0-5°% Mo steel, it is necessary to determine 
whether or not such an increase is justifiable. 

For this work data were obtained for ten acid O.H. 
casts of Cr—Mo steel, details of which are given in 
Table II. Creep tests were carried out at 6, 4, and 
2 tons/sq. in. Most of the tests were of 1000-2000 hr. 
duration but several were continued for approximately 
10,000 hr. In addition, a series of tests to fracture 
were carried out at 550°, 600°, and 650° C., the results 
of which are shown in Fig. 10. Seven tests lasted 
longer than 10,000 hr., the longest being 68,000 hr. 
The experimental points for each steel are distributed 
evenly about the lines, which shows that there is no 
significant difference between the steels as far as 
rupture strength is concerned. 

To estimate the long-term properties of the steels 
a method somewhat similar to that used for the 
molybdenum steels was used. The iso-strain and 
fracture curves for the 0-5% Mo steel shown in 
Fig. 3a were reproduced in Fig. 1la (broken lines). 
On this diagram the fracture points at 6 tons/sq. in. 
taken from the curves in Fig. 10 were plotted and a 
curve was drawn which was extrapolated to 100,000 
hr. Below 600° C. this curve is very nearly parallel 
to the fracture curve for 0-5% Mo steel. The results 
for 0-5°% deformation were then plotted and a mean 
curve was drawn through the points. This curve was 
then extrapolated parallel to the same curve for 0-5% 
Mo steel. A similar procedure was adopted for other 
values of strain. The justification for this method is 
twofold. Firstly, the rupture curve is very nearly 
parallel to the same curve for the Mo steel. Secondly, 
if the creep curves are not parallel, at 100,000 hr. 














Table II 
CHROMIUM-MOLYBDENUM STEELS 

Steal | Normalizing Temp. | Cc, % | Si, % | 8, % | P, % | Mn, % | Cr, % | Mo, % 
a: 1-in. dia. bar 950° C. | 0-145 | 0-1 0-030 0-031 0.53 0-75 0.54 
es 2 Sy <8 9 | 0-12 | 0.17 0-029 0-030 0-51 0.82 0-585 
SOS aa | » 0-10 | 0-1 0-033 | 0-036 | 0-43 0-72 | 0-53 
cl: 4, 45 9 ~=— |: 950°C. (+ 5 hr. 690° GC.) ea is vs ms x Z 
d: 4-in. dia. bar | 950° C. 0-115 0-12 0-031 0-033 0.54 0-77 0.44 
e: 3-in. dia. bar | » 0-14 0-15 0-029 0-029 0-58 0-85 0-47 
f: 1-in. dia. bar | ” 0-135 0-11 0-029 0-032 0-55 0-86 0-505 
g: 1}-in. dia. bar | ” 0-115 0-13 0-031 0-031 0-52 0-84 0-525 
h: 1-in. sq. bar | ” 0-125 0-14 0-036 0-036 0.45 0-79 0-53 
iG wy = 4 ” 0-125 0-15 0-040 0-031 0.47 0-73 0-53 
se» ww | ” 0-14 0-16 0-039 0-030 0-57 0-96 0-55 
1: ” 0-13 0-15 0-037 0-032 0-46 0-80 0-50 
m: 1-in. "sq. bar 875 0-11 0-16 0-046 0-028 0-58 0-92 0-53 

| 





























All steels with the exception of m were made by acid O.H. process; steel m was from 18-lb. H.F. cast. 
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om the Cr—Mo steel is either better 
of or worse than is indicated. 
is Without the evidence of much 
ild longer-time tests at lower tem- ¢! 
peratures, it is not possible to ¢ 8 
be certain that the Cr—Mo steel é 6 
is better than the estimate. On = 4 
tly the other hand, since the Cr- 2 
res Mo steel is more resistant to & 2 
er- thermal action than 0-5% Mo ” 
ia- steel, there is no reason to sup- 
in pose that it becomes relatively 100 1000 lOSC0O0 =6SQ000 
is worse in still longer times, TIME TO FRACTURE, hr. 
m- where the effect of thermal 
ne action may be of greater im- Fig. 10—Results of time-to-fracture tests, Cr—Mo steel 
portance. 
H. A similar procedure was carried out using the results type of steel. Details of all these steels are given 
in of tests at 4 and 2 tons/sq. in., as shown in Figs. 11) in Table III. 
nd and c. Admittedly the number of tests at 2 tons/sq. in. Creep tests were carried out at 6 and 4 tons/sq. in. 
ir. is small, but since at this stress the temperatures and various temperatures. A number of these tests 
ly involved are higher the thermal action should be were of more than 1000 hr. duration, the longest time 
re greater and thus parallel extrapolation should, if of test being 20,000 hr. In addition a series of tests 
ts anything, underestimate the properties of the Cr-Mo to fracture have been carried out at 690°, 650°, 600°, 
ed steel. and 550°C. Eight of these tests fractured at times 
ir. In Fig. 12 the rupture strength of Cr—Mo steel in between 13,000 and 52,000 hr. and one test is still 
ed 100,000 hr. is compared with data obtained from a unbroken after about 135,000 hr. The results of the 
no straight line extrapolated from about 5000 hr. by the rupture tests are shown in Fig. 13. 
as double logarithmic method!¢ and there is a very large On this diagram all the experimental points refer 
difference between the results. Since in the present to steels tested in the normalized and tempered con- 
Is work the testing time extends to 68,000 hr. the dition. In addition a broken curve is shown to 
he estimated stresses cannot be seriously in error. This indicate the results of tests at 550° C. on steels tested 
id conclusion is very important in view of the high work- in the normalized condition (to avoid confusion the 
in ing stresses permitted in the U.S.A. compared with experimental points are not shown). In tests of up 
3). British practice. to about 10,000 hr. duration the normalized steel 
n. Molybdenum-Vanadium Steel withstands a higher stress than the normalized and 
a An estimate of long-time creep and rupture proper- tempered steel, but in longer times the normalized 
0 ties of Mo-V steel in the normalized and tempered _ steel is inferior. 
el condition has already been attempted by the author.® In Fig. 14a the results of the creep tests at 6 tons/ 
ts This work had the disadvantage that all the tests sq. in. have been plotted and also the fracture points 
in were carried out on a sample from one cast of basic taken from the curves in Fig. 13. The fracture curve 
aS O.H. steel. Some of the original tests were continued was then drawn up to 100,000 hr. and, although at 
Yo for a much longer time, and in addition test data are this stress the curve has been drawn to indicate 
er now available for ten other basic O.H. casts of this fracture in 100,000 hr. at 550° C., a test at this stress 
iy Table III—MOLYBDENUM-VANADIUM STEELS 
4 Steel | Heat-Treatment* | C,% | Sh % | S.% | Ph % | Mm % | Cry % | Mor % | Vs % 
A 1-in. dia. bar | N. 975°C. + 5 hr. 690°C. 0-12 | 0-16 | 0-028 0-011 | 0-57 0-14 0-54 | 0-265 
A! 10 in. o.d. x | N. 950-975°C. +5 hr. 670- |, ‘ _ " ‘s is a : 
= lin.thick pipe; 690°C. | | | 
B 1-in. sq. bar | N. 975°C. + 5 hr. 690° C. | 0-10 | 0-17 | 0-024 0-011 | 9-52 | 0-10 0-56 | 0-265 
eS ws lf N. 975°C. + 5 hr. 690° C. eras ees “ a ent ee Se ” 
- + 500 hr. 650°C. | | | | 
B® 3-in. dia. bar | N. 975°C. + 5 hr. 690° C. (gern | See ; = fo oes eee i | 
B® 4-in. dia. bar | N. 975°C. + 5 hr. 690° C. | ee) el scien 4) a | oa ” = } “ 
Cc SS thick N. a.” C.+3 hr. 670- | 0-10 | 0-13 | 0-026 0-020 | 0-54 | 0-40 0-57 | 0-27 
ate ° | | | 
D sick, sq. bar | N. 975°C. + 5 hr. 690° C. | 0-10 | 0-18 | 0-025 | 0-021 | 0-57 | 0.45 0-55 | 0-23 
Ey » ” ” 0:09 | 0-16 | 0-043 0-031 | 0-55 | 0-465 | 0-62 | 0-23 
Foy oo» oo» ” ” 0-10 | 0-13 | 0-035 | 0-022 | 0-53 | 0-38 | 0-52 | 0-20 
G iy » » ” ” 0-10 | 0-16 | 0-037 | 0-023 | 0-55 | 0-45 0-51 0.26 
Ho» wo» » ” 0-09 | 0-20 | 0-024 | 0.018 | 0-57 | 0-42 | 0-53 | 0-25 
I 1-in. thick N. 950-975° C. + 3 hr. 670- 0-09 | 0-19 | 0-032 | 0-019 | 0-54 | 0-50 0-57 | 0-27 
plate 690° C, | | 
J 1-in. sq. bar | N. 975°C. + 5 hr. 690° C. 0-09 | 0-14 | 0-026 | 0-020 | 0-44 | 0-43 0-55 | 0-22 
Ko» » 1» ” ” 0-10 | 0-13 | 0-035 | 0-022 | 0-53 | 0-38 0.52 | 0-20 
“1 *N = normalized 
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Fig. 11—Long-term properties of Cr—Mo steel at (a) 6 tons/sq. in., (b) 4 tons/sq. 
in., (ec) 2 tons/sq. in. 


The points for various 
amounts of deformation show 
considerable scatter. In view 
of this fact the curves through 
these points were drawn 
slightly to the low side of the 
mean position of each set of 
points. The curve for 0-3% 
creep was then extrapolated to 
100,000 hr. in a straight line 
and the other curves were 
extrapolated parallel to this 
line. Since it is probable that 
in times approaching 100,000 
hr. the curves will be concave 
upwards, it is considered that 
this method of extrapolation 
will, if anything, slightly under- 
estimate the properties of the 
steel. A similar procedure was 
adopted for the tests at 4 
tons/sq. in., the results being 
as shown in Fig. 140. 

Comparison of the results 
obtained with those suggested 
previously indicates that the 
latter slightly overestimated 
the creep properties in 100,000 
hr. The original estimate of the 
rupture strength at about 550° 
C. was quite correct, but at 
600° C. the stress to cause 
rupture in 100,000 hr. was 
overestimated by about 1 ton/ 
sq. in. 


Comparison of Data 


The stress/temperature 
curves for 0-1°% deformation 
in 100,000 hr. are shown in Fig. 
l5a. For completeness the 
curve for the steam-pipe carbon 
steel taken from the work of 
Tapsell and Ridley? is included. 
Details of this steel are given 
in Table IV. In Fig. 15) the 
curves for 0-5% deformation 
for carbon steel, 0-5% Mo 
steel, and Cr—Mo steel are 
given, and also the 0-3% defor- 
mation curve for Mo—V steel. 

The curves for rupture in 
100,000 hr. for the steels tested 
are given in Fig. 16. Exam- 
ination of the literature re- 
vealed that few rupture tests 
have been carried out on carbon 
steel, and all of these steels are 


and temperature is still unbroken after 135,000 hr., at temperatures of 1000° F. (538° C.) and above. Since 
as shown in Fig. 13. This procedure was adopted in carbon steel is and will remain an important steel for 
view of the scatter of points about the rupture curves high-temperature service this gap in our knowledge 


and so as to err on the safe side. 
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However, the available creep 


















































data seem to indicate that “3 $5507 C. - 
there is not much difference k~6509 —b00'G, ARE é. eee oe ] 
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rupture in 100,000 hr. cannot * 4 m— | a? oe et 
be much greater, so that an 2 ha A | 
estimate can be made which is © 2 : Lat. 4 
probably accurate enough for % | ~~~~~ 55O,C. normalized : 
all practical purposes. This | 
estimated curve is also shown sO 100 300 1000 S000 10,000 50,000 
in Fig. 16. TIME TO FRACTURE, br. 

a Fig. 13—Results of rupture tests, Mo-V steel, normalized and tempered 


It has been known for many years that 0-5% Mo 
steel may fail with a low extension at high temperature. 
Despite this, molybdenum steel has been used 
extensively, with few recorded failures. As more 
accurate creep data have become available the per- 
missible working stresses used have been increased, 
and because of the greater risk of failure there has 
been a growing tendency to demand that a steel used 
at high temperature shall remain reasonably ductile 
throughout its service life. 

The usual method of measuring the ductility is to 
determine the elongation at fracture in rupture tests 
at high temperature. If the temperature of testing 
is too high the creep properties of the steel will be 
poor and probably incipient recrystallization will occur 
during testing, resulting in high ductility. At lower 
temperatures and longer times of testing inter- 
crystalline cracking may occur after a comparatively 
small extension, so that the ductility at fracture will 
be low as measured by both the elongation and the 
reduction in area. Thus it is necessary to carry out a 
considerable number of tests to determine the trend 
of the ductility under different conditions of tempera- 
ture and stress. 


0.5% Molybdenum Steel 


The elongations at fracture of the rupture tests 
shown in Fig. 7 were measured and the elongations 
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Fig. 12—Rupture in 100,000 hr., Cr-Mo steel 
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obtained were plotted against the logarithm of the 
time to fracture, as shown in Fig. 17a. The results 
of tests by Robinson! at 900° F. (482° C.) are also 
included. At any temperature the elongation at 
fracture first decreases with increasing time to fracture 
and then increases in still longer times, 7.e., when the 
stress is very low. These results are in substantial 
agreement with those reported by Tapsell and others.? 

As the temperature of testing is decreased a longer 
time is required to reach the minimum ductility and 
the minimum is at a lower extension. As suggested 
by the author!® these results indicate an ageing and 
over-ageing process at the grain boundaries and are 
probably associated with the solution of iron-rich 
carbide, the re-precipitation of alloy-rich carbide, and 
gradual spheroidization. The trend of the results at 
650°, 600°, and 550° C. indicates that at lower tem- 
perature a still lower ductility would be obtained but 
in a correspondingly longer time. 

Tapsell’s work’ suggests that at 500° C. the mini- 
mum ductility should occur in about 10,000 hr. No 
doubt at 482°C. a minimum in ductility would also 
be obtained, as is suggested by the trend of the 
curve. Robinson,}* however, plotted the logarithm of 
the elongation against the logarithm of the time to 
fracture and obtained an apparent. straight-line 
relationship over the range of testing time (500- 
5000 hr.). On this evidence he erroneously suggested 
that the ductility would continue to decrease indefi- 
nitely as the time to rupture increased. 


Chromium-Molybdenum Steel 


The elongation at fracture of the rupture tests 
shown in Fig. 10 were measured and the results are 
shown in Fig. 17. The trend of the results is similar 
<o that of the 0-5°% Mo steel but the minimum in the 
curve for each temperature is shifted to a substantially 
longer time. Apart from the evidence of creep tests, 
which has already been discussed, this shift is further 
proof of the increased stability of the Cr—Mo steel 
compared with the 0-5% Mo steel. If, as is probable, 
carbide spheroidization causes the increased ductility 
at the longer times of testing, then the Cr—Mo steel 
is shown to be more resistant to spheroidization than 
is molybdenum steel. It is interesting to note from 
the tests at 650° C. that tempering has increased the 
ductility to some extent. Of more practical impor- 
tance, however, is the fact that the Cr—Mo steel is 
more ductile than the molybdenum steel at operating 
temperatures. 
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Fig. 14—Long-term properties of Mo-V steel at (a) 6 tons/sq. in., (6) 4 tons/sq. in 
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Examination of a number of 
fractured test pieces showed 
that whereas with molybdenum 
steel no appreciable necking of 
the test piece was obtained 
and numerous intercrystalline 
cracks were found along the 
whole gauge length of the test 
pieces, with the Cr—Mo steel 
the test piece necked down and 
though it finally failed in an 
intercrystalline manner the 
cracks were confined to the 
immediate vicinity of the 
fracture. 


Molybdenum-Vanadium 
Steel 


A considerable number of 
rupture tests on Mo-V steel in 
the normalized condition (7.e., 
without tempering) have been 
carried out and the values of 
elongation obtained are plotted 
in Fig. 18a. The minimum in 
each curve is at a much longer 
time than the molybdenum 
steel and even the Cr—Mo steel, 
indicating the high resistance of 
Mo-V steel to spheroidization. 
The ductility at 600° C. is less 
than 5% in long-time tests, and 
at 550° C. it is obvious that the 
minimum ductility would be 
much lower. 

As is already well known, 
tempering improves the creep 
resistance of Mo-V steel and 
fortunately it also improves the 
ductility, as shown in Fig. 18, 
which gives the elongation 
values of the rupture tests in 
Fig. 13. Since a few hours 
tempering at 690° C. does not 
affect the ductility appreciably 
when testing at the same tem- 
perature, the elongation curve 
for tests at 690° C. is the same 
for both the normalized and 
the normalized and tempered 
steels. 

Despite the tempering treat- 
ment of 5 hr. at 690° C.,minima 
in ductility are still obtained, 
indicating that a much more 
prolonged tempering would be 
necessary to cause the elonga- 
tion to increase with increase 
in the time of testing. This is 
also evident from the fact that 
when testing at 690°C. it re- 
quires about 100 hr. before the 
ductility increases. 
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Fig. 15—Comparison of stress/temperature curves for 
(a) 0-1% and (b) 0-5% or 0-3% deformation in 
100,000 hr. 
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Fig. 16—Comparison of curves for rupture in 100,000 hr. 


The suggestion has been made that Mo-V steel is 
much less ductile than Cr—Mo steel. Whilst it is true 
that in tests at about 600° C. and above the Cr—-Mo 
steel is more ductile, this is due simply to the fact 
that the steel has a poor creep resistance at this 
temperature compared with Mo-V steel. At 550° C., 
which is a temperature approximating to operating 
conditions, the ductility of both steels is of the same 
order, the minimum ductility in 100,000 hr. being 
about 7% or 8%. 

Microscopic examination of the fractured test pieces 
of Mo-V steel showed that when fractured in the 
normalized condition numerous intercrystalline cracks 
formed along the whole gauge length and there was 
no appreciable reduction in area. The behaviour was 
thus similar to 0:5°% Mo steel. In the normalized and 
tempered condition the results were similar to those 
for the Cr—Mo steel, i.e., necking of the test pieces 
occurred and intercrystalline cracking was confined to 
the immediate vicinity of the fracture. 


Carbon Steel 

Carbon steel is reputed to have a high ductility at 
high temperature and certainly in the literature there 
does not appear to be any mention of carbon steel 








Table IV 
CARBON STEELS 
Ref. | Steel | Heat-Treatment | GG, % Si, % | S, % P, % Mn, % 
| | | | 
Tapsell® | Steam pipe 10} in. | Hot-rolled 0-135 0-18 0-037 0-028 0.47 
| o.d. x $ in. wall | | 
| thickness | | 
Timken?* aa | Annealed |0-10-0-20) 0-25 | 0-045 0-04 0-3-0-6 
| | max. max. max. 
White et al.!’ | l-in, dia. bar | Annealed 845°C. | 0-15 0-23 Lia aie 0-50 
For tests at 650° and | | | | 
and 575° C. in Fig. | 1-in. dia. bar | Normalized 950°C. | 0-12 0-06 0-039 0-015 0-52 
19 | 
| | 
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Fig. 17—High-temperature'ductility of (a) 0.5% Mo steel, 
(b) Cr-—Mo steel 


failing as a result of the lack of this property. It 
would appear, therefore, that the ductility of carbon 
steel would be a useful standard with which to compare 
alloy creep steels. However, few rupture tests on 
carbon steel have been reported and the minimum 
temperature used was 1000° F. (538°C.). At this 
temperature carbon steel has a poor creep resistance, 
roughly comparable with molybdenum or Cr—Mo steel 
at 650°C. It is not to be expected, therefore, that 
carbon steel would show a poor ductility in tests at 
or above 538° C. 

The elongation values of a few rupture tests, together 
with some data from published work,!* 17 are shown 
in Fig. 19. Although the data are meagre the curves 
obtained suggest that carbon steel behaves in a similar 
way to alloy steel. At 575°C. a minimum ductility 
of about 28% was obtained and at 538°C. it seems 
that the minimum ductility would be about 10%. At 
a lower temperature approaching the maximum 
operating temperature for carbon steel a somewhat 
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lower ductility is to be expected. In view of the 
importance of this aspect of the problem and also the 
lack of data, it is the intention to carry out more 
prolonged tests on carbon steel at lower temperatures, 

Since carbon steel has given satisfactory service, 
and since it seems that the ductility of carbon steel, 
Cr—Mo steel, and Mo-V steel is comparable at oper- 
ating temperatures, it is probably not necessary in 
practice to provide steel with a very high ductility 
at high temperature. A minimum ductility of about 
5% would appear to be adequate. 


SUMMARY AND CONCLUSIONS 


Tests have been carried out on 0-5° Mo steel and 
Cr—Mo steel in the normalized condition and after 
tempering for various times up to 100 hr. at 650° C. 
Creep tests at a stress of 6 tons/sq. in. and a tempera- 
ture of 400° C. and also at 4 tons/sq. in. and 600° C. 
show that tempering causes less deterioration in the 
case of Cr—Mo steel. These remarks refer to steel 
made by the O.H. process. A poor creep resistance 
was obtained both with 0-5 Mo steel and Cr—Mo 
steel when the steels were made in an 18-lb. H.F. 
furnace and normalized at a low temperature. 

Creep tests at various stresses and temperatures 
were also carried out on 0-5°%, Mo steel, Cr—Mo steel, 
and Mo-V steel in the normalized condition and also 
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Fig. 18—High-temperature ductility of Mo-V steel (a) 
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after tempering. For the 0-5% Mo and Cr-Mo steel 
the tempering treatment was 10 hr. at 650° C., but 
for the Mo-V steel the tempering treatment was 5 hr. 
at 690° C. Taking the time to reach 0-1% creep strain 
as a criterion of the creep resistance, it was shown in 
all cases that at high stresses and/or temperatures the 
tempered material was inferior, but that the tempered 
steel tended to be better the lower the temperature 
and/or the smaller the stress of testing. These results 
indicate that it is not correct to conclude from the 
results of tests at one stress and temperature that the 
same order of creep resistance will be obtained in tests 
at any other stress and temperature. It is shown how 
this apparent anomaly can be explained by the 
structural changes which occur during testing. 

Evidence is also presented to show that to obtain 
the maximum creep resistance it is good practice to 
use the highest normalizing temperature possible 
without causing undue coarsening of the structure. 

To prove the quality of a batch of steel intended 
for high-temperature service it would be necessary to 
use a short-time test at a stress and temperature 
greater than that which would be used in practice. 
A strict comparison of steels on a short-time test basis 
may be very misleading. The only advantage of 
carrying out a short-time test is to eliminate a batch 
of steel which is grossly different from the standard. 

An accurate estimate of the creep and rupture 
properties of steel for use in steam-power plant can 
at present only be obtained by carrying out creep 
tests of at least 10,000 hr. duration and extrapolating 
the results to obtain an estimate of the properties in 
100,000 hr. 

Very long-time creep tests have been carried out on 
0-5% Mo steel by Ridley,* but these data only refer 
to one cast of material and give no information about 
rupture strength. In the present work nine basic O.H. 
casts of 0-5% Mo steel have been tested and shown 
to be in good agreement with published information. 
In addition, an estimate of the rupture strength in 
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Fig. 19—High-temperature ductility of carbon steel 
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100,000 hr. has heen obtained from tests lasting up 
to 25,000 hr. 

There is no published information on the long-time 
creep properties of Cr—Mo steel, although this steel 
is being increasingly used to replace 0-5°% Mo steel 
for high-temperature service. Tests have been carried 
out on ten acid O.H. casts of this material, and creep 
tests up to 10,000 hr. have been carried out at various 
stresses and temperature. In addition rupture tests 
up to 68,000 hr. have been carried out. Since the 
Cr—Mo steel has been proved to be more resistant to 
the effect of tempering than 0-5°% Mo steel, it was 
concluded that it would also be more resistant to the 
effect of thermal action during service conditions. 
Thus, by plotting the creep data and by drawing 
curves parallel to those obtained for the 0-5°% Mo 
steel an estimate of the long-time creep resistance has 
been obtained which, if anything, should be a slight 
under-estimate. The rupture tests were of sufficiently 
long duration to enable an accurate estimate to be 
obtained of the rupture strength in 100,000 hr. 

An estimate of the long-time creep and rupture 
properties of Mo-—V steel in the normalized and tem- 
pered condition has already been published. This 
work, however, was carried out on one sample from 
one cast of basic O.H. steel. Some of the original tests 
have been continued for a much longer period of time, 
and in addition, test data are now available from ten 
other basic O.H. casts of this type of steel. Creep 
tests up to 20,000 hr. have been carried out and 
rupture tests up to 135,000 hr. This latter test, at 
6 tons/sq. in. and 550° C., is still unbroken. From 
these data a revised estimate of the long-time creep 
and rupture properties of Mo-V steel has been 
obtained. 

The elongation at fracture of all the rupture tests 
carried out on these steels was measured and for each 
temperature of testing the elongation values have been 
plotted against the logarithm of the time to fracture. 
In all cases it was noted that at any temperature the 
elongation at fracture first decreased with increasing 
time to fracture and then increased in still longer 
times, 7.e., when the stress was low. Also, as the 
temperature of testing was decreased a longer time 
was required to reach the minimum of ductility and 
the minimum occurred at a lower value of extension. 

Tests on 0-5% Mo steel showed that at 550°C. a 
minimum elongation of about 4°% was obtained in 
about 1000 hr. At lower temperatures a much lower 
value of elongation is to be expected in a somewhat 
longer time. 

Tests on the Cr—Mo steel, however, showed that at 
550° C. the elongation was only approaching the 
minimum in 100,000 hr. and that this minimum was 
at an elongation value of about 7° or 8%. Since 
these minima in ductility seem to be related to an 
ageing and overageing effect, this is further proof of 
the stability of Cr—Mo steel compared with 0-5°% Mo 
steel. 

Tests on Mo-—V steel in the normalized condition 
showed that it was much more stable than the Cr-Mo 
steel, but in very long times of testing the elongation 
which might be obtained would be very small. In 
the tempered condition, however, values of elongation 
were obtained comparable with the Cr—Mo steel, and 
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at 550°C. the elongation in 100,000 hr. would be 
about 7%. 

From the little evidence available about the elonga- 
tion of carbon steels in rupture tests, it would appear 
that at operating temperatures and stresses the 
elongation of carbon steel in long-time service would 
be no greater than that of the Cr—Mo or the tempered 
Mo-V steels. It is suggested that further testing 
should be carried out on carbon steel. Since there is 
no evidence that this steel has ever failed as a result 
of lack of ductility a more precise knowledge of the 
ductility of this quality would enable a datum line 
to be set with which to compare other qualities. 
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Determination of Silica 
in Ores, Slags, and Refractories 


nN completion of the investigation dealing with the 
determination of silica in blast-furnace slags,* it 
was considered that the method outlined should 
have a wider application than that indicated. An 
extension of the programme was therefore undertaken 
by the Blast Furnace Raw Materials and Slags, Steel- 
making Slags and Refractories Sub-Committee (whose 
constitution is given in the Appendix) to cover other 
materials within its terms of reference. 

Whilst it was anticipated that the recommended 
method would give satisfactory results on materials 
of widely varying composition, it was appreciated that 
some deviation in detail might be advisable in some 
cases. For example, complete decomposition is an 
essential preliminary to the application of the per- 
chloric acid dehydration. 


EXPERIMENTAL 


The principle of the method previously described 
involves an alkali fusion, followed by a double per- 
chloric acid dehydration. 





* J. Iron Steel Inst., 1954, vol. 177, June, pp. 243-245. 
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By the Methods of Analysis Committee 


SYNOPSIS 


Work previously reported on the determination of silica in blast- 
furnace slags has been extended to a wide variety of other oxide- 
type materials, including iron ore, acid and basic slags, bauxite, 
and semi-silica bricks. A limited range of highly refractory materials 
do not at present come within the scope of the recommended 
method. 1074 


Preliminary work was carried out on samples of 
Sproxton ore (MGS/83), basic O.H. slag (MGS/101), 
and acid O.H. slag (MGS/102), decomposition being 
effected by both alkali fusion and direct acid attack 
(followed by fusion of the residue). It had been 
already noted in the previous silica report that certain 
samples would be significantly or completely decom- 
posed by mineral acids, but the adoption of alkali 
fusion was recommended to ensure the more general 
applicability of the method. 

The results by this recommended method were 
considered satisfactory; it was apparent that direct 





Paper MG/D/142/54 of the Methods of Analysis Com- 
mittee of the British Iron and Steel Research Association, 
received 2nd November, 1954. 
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Table I 
RESULTS BY STANDARD METHOD 
| ;' | ; | 
| F MGS/83 MGS/101 MGS/102 | ! | MGS/152 
MGS/80 MGS/108 MGS/129 | . " 
Analyst | (Kiruna Ore) | (Northants | eae ee. (Acid oe. | (inter) (Bauxite, | (Semi-Silica 
| 
1 | 3-85 13-1 | 8-2 56-7 19-0 | 6-45 88-65 
2 3-95 13-0 8-2 56:55 | 19-0 | 6-35 | 88-35 
3 ? ae re ‘ai | He 6-45 88-4 
4 4-0 a - si | 19-1 st 88-65 
5 3-95 12-9 8-3 56-75 | 19-1 6-4 88-2 
6 4-0 13-0 | 8-2 56-45 19.05 6-5 88-6 
7 3-9 a | a a 19-1 6-45 88-6 
8 is 525 ves Seg ~ | 88-35 
9 .. ee di bt | 18-95 | 3 mt 
10 4.1 13-0 8-3 56-5 | 19-2 6-5 88-35 
11 4.1 | 13-15 | 8-2 56-7 | 19-2 | 6-55 88-65 
12 3-95 13-15 8-25 | 56:55 | 19-1 6-45 | 88-4 
13 3-85 | 13-05 8-2 | 56-55 19.2 6-5 | 88-2 
14 |} 3-9 | 1305 | 8:25 | 56-6 es (6-55 
| 
l l | ea tie 
Average | 3-95 =| =: 13-05 | 8-25 | 56-6 | 19-1 6-45 88-5 
| 
| | | 
Range | 0.25 | 0.25 | 0-1 | 0.3 0.25 0.2 0.45 
| 








acid attack, even when followed by fusion of the 
residue, was not always applicable to types of material 
such as the acid O.H. slag. 

A more comprehensive list of materials for examina- 
tion was then put forward, the complete series being: 


MGS/80 Kiruna iron ore 
MGS/83 Northants iron ore 
MGS/101 Basic O.H. slag 
MGS/102 Acid O.H. slag 
MGS/106 Chrome-magnesite brick 
MGS/108 _ Sinter 

MGS/129 Bauxite 

MGS/152 Semi-silica brick 
MGS/153 _ Sillimanite 

MGS/216 Zircon sand 

MGS/242 <Aluminous brick (73% A1,03;). 


The iron ores, basic and acid O.H. slags, sinter, 
bauxite, and semi-silica brick gave satisfactory results 
by the standard method, as shown in Table I. 

The sample of chrome-magnesite brick required 
sodium peroxide fusion for satisfactory decomposition. 

Sillimanite, zircon, and aluminous brick offered 
some difficulties in decomposition. Double sodium 
carbonate, sodium-carbonate/borax, and sodium hy- 
droxide fusion were all tried with varying degrees of 
success. 

In dealing with sodium peroxide fusions it was 
reported that certain nickel crucibles contained 
amounts of silicon which, whilst comparatively small, 
were significant enough to invalidate precision 
analyses. 

Sodium-carbonate/borax fusions gave promising 
indications of complete decomposition, but the resi- 
dues were invariably contaminated with boron. 

The sillimanite, zircon, and aluminous brick evi- 
dently required grinding to a very small particle size 
with the attendant risk of contamination from pestle 
and mortar before reasonable decomposition could be 
expected, even with alternative fusion techniques. 

The foregoing appeared to involve major deviations 
from the standard method, and work on these matters 


APRIL, 1955 


would need to form the subject of further investigation 
and a later report. 


CONCLUSIONS 


The method for the determination of silica in blast- 
furnace slags has an extended application, limited 
mainly by difficulties in decomposing certain oxide- 
type materials. Sodium carbonate fusion followed by 
hydrochloric acid solution and perchloric acid dehydra- 
tion is satisfactory for most iron ores, slags, and 
refractories. Some of these materials yield to direct 
hydrochloric acid treatment for decomposition. 

Without major deviations in decomposition tech- 
nique the method is not satisfactory for high- 
chromium, high-alumina, or zircon-type refractories. 
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Desulphurization of Carbon-Saturated Iron: 


Influence of Silicon, 


Manganese, and Aluminium 


By E. T. Turkdogan, Ph.D., M.Met., R. A. Hancock, B.Sc., A.R.I.C., 
and J. Pearson, Ph.D., M.Sc., F.R.I.C. 


N a previous paper! the equilibrium sulphur partition 
between gas, slag, and metal phases was discussed 
and it was shown that in iron and steelmaking pro- 
cesses the transfer of sulphur between the slag and 
metal phases generally reached equilibrium. It was 
also suggested that the sluggishness of the carbon- 
oxygen reaction in iron was the cause of the apparently 
high sulphur content of blast-furnace iron. If this 
were indeed the case, any reaction which reduced the 
excess oxygen in carbon-saturated iron should lead 
to a further sulphur transfer from metal to slag. 

The purpose of the present work was to study the 
influence of the deoxidation of carbon-saturated iron 
on the kinetics of desulphurization. 


EXPERIMENTAL WORK 


To determine the rate of sulphur transfer from metal 
to slag, the two liquid phases were allowed to remain 
in contact with one another at a known and fixed 
temperature for a specified time, after which any 
reaction was stopped by rapid quenching of the system 
in water and the sulphur content of the metal was 
then determined by analysis. 


Apparatus 


The apparatus consisted of a mullite reaction tube, 
graphite crucible assembly, a platinum wire-wound 
resistance furnace, transformers to control the heating 
of the furnace, and temperature-measuring devices. 

As shown in Fig. 1, the graphite reaction crucible 
containing the metal charge was suspended by a 
composite stainless steel and graphite tube. The 
graphite crucible containing the slag was supported 
by a pedestal connected to a push rod. By means of 
this push rod, which passed through the rubber bung 
at the base of the reaction tube, the slag-carrying 
graphite crucible could be moved up and down. By 
raising the lower crucible to a correct position the 
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SYNOPSIS 


The transfer of sulphur from carbon-saturated iron to a 50% 
Ca0-50% Al,O, slag has been studied at 1505°C. in graphite 
crucibles. The effects of silicon, manganese, and aluminium on 
the sulphur reaction rate are investigated for a given set of experi- 
mental conditions; it is found that these deoxidizers increase the 
rate of desulphurization. A reaction mechanism with respect to 
metal-slag sulphur transfer and sluggishness of carbon-oxygen 
reaction is discussed. 1049 


molten slag could be delivered through slag ports in 
the graphite reaction crucible. 

The graphite reaction crucibles were machined to 
fixed dimensions so that the crucible holding 8-0 g. 
of metal could accommodate 4-0 g. of slag when the 
latter was level with the slag ports. All the graphite 
crucibles were purified before use by heating them in 
hydrogen at about 1600° C. for a few hours. 

Because of the experimental procedure, it was not 
possible to measure the temperature of the melt 
directly during the experiment. This difficulty was, 
however, overcome by previously calibrating the 
temperature of the graphite crucible against the 
temperature of the furnace measured with a Pt/Pt- 
13% Rh thermocouple against the outside of the 
mullite tube. All experiments were carried out at 
1505 + 5° C. (temperature of the reaction crucible). 


Materials 

The slag (50% CaO, 50% Al,O, by weight) was 
prepared by fusing the calcined and mixed ingredients 
in an electric arc. The fused lumps were crushed and 
sieved; the —10 to +120 fraction was used. 





Paper IM/B/24/54 of the Blast Furnace Process Com- 
mittee of the Ironmaking Division of the British Iron 
and Steel Research Association, received 18th May, 1954. 

Mr. Hancock is with the Physical Chemistry Section 
of the Chemistry Department of the Association; Dr. 
Pearson is Head of the Department and Dr. Turkdogan 
Head of the Section. 
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An iron—carbon-sulphur master alloy was prepared 
by melting together Armco iron, spectrographically 
pure carbon rod, and pure ferrous sulphide in a 
graphite crucible in an H.F. induction furnace. The 
molten charge was kept at about 1500° C. for 1 hr. 
and the melt was withdrawn in silica tubes into which 
20 g. of the metal could be sucked. A total of about 
400 g. of the master alloy was prepared in one crucible. 
Badly holed sections and the extreme ends of all the 
cast sticks were rejected, and samples were taken from 
each end of the long sticks, crushed, and analysed for 
sulphur separately (giving an average result of 1-08 
+ 0-04% 8); this ensured that the master alloy used 
throughout the experiments was homogeneous. 

The deoxidizers, i.e., aluminium, silicon, and 
manganese, were of the highest purity obtainable. 


Procedure 

For each experiment a graphite reaction crucible 
was charged with 8-0 g. of the crushed master alloy, 
and if the experiments were done in the presence of 
alloying elements, accurately weighed amounts of 
aluminium, manganese, or silicon were also added. 

The slag in the graphite crucible was melted and 
brought to a temperature of 1505° C. under a stream 
of nitrogen. Before insertion into the furnace, the 
reaction crucible and its supporting assembly were 
flushed out with dry nitrogen and during the experi- 
ment nitrogen was kept flowing through the reaction 
tube. Preliminary experiments indicated that the 
temperature of the metal in the graphite reaction 
crucible reached 1505° C. (the temperature of the slag 
in the underlying crucible) within 10 min. and that 
the metal was then in equilibrium with graphite. The 
slag crucible was then raised by means of the push 
rod and winch mechanism and lowered slightly so 
as to deliver a fixed quantity of slag into the reaction 
crucible. At the end of the reaction time the glass 
sighting tube was removed from the crucible sus- 
pension tube and the reaction crucible was pulled out 
of the furnace and quenched in water. The reaction 
time could be measured to within + 2 sec. 

After each experiment slag and metal were separ- 
ated from the crucible. The metal was cleaned of 
slag, graphite contaminations were removed from 
the surface by grinding, and the clean metal was 
crushed and sieved to obtain suitable samples for 
sulphur analysis. 

The samples were analysed for sulphur by the 
standard combustion method; duplicate results agreed 
to within 0-02% S in samples containing more than 
0-1% 8. Below 0-1% S the reproducibility was that 
normal for the method. 


RESULTS 


The influence of aluminium, manganese, and silicon 
on the rate of desulphurization of carbon-saturated 
iron by a calcium aluminate slag at 1505° C. is shown 
in Fig. 2, where the sulphur content of the metal is 
plotted against the time of reaction. The quantities 
of the added elements were so chosen that in each 
case they were chemically equivalent to the oxygen 
which could pass into the metal as a result of a com- 
plete sulphur transfer from metal to slag. 

The additions of aluminium and manganese very 
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materially increased the rate of desulphurization and 
to the same extent. Silicon, on the other hand, was 
not so effective as the other two deoxidizers. 

Although the technique in the present experiments 
allowed the start and end of the reaction period to 
be defined closely and thus appeared to be superior 
to those used up to now for studying rates at elevated 
temperatures, it had the disadvantage that the slag— 
metal interfacial area, which is known to control the 
rates of desulphurization, could not always be kept 
constant because of the evolution of carbon monoxide 
during the reaction; in fact, in some cases, the slag 
was thrown clear of the metal surface. This is believed 
to be the main cause of the scatter of the points in 
Fig. 2. 


DISCUSSION 


The slag—metal sulphur reaction, which was con- 
sidered in detail elsewhere,1 can be represented by 
the following equation: 


[S] + (O) = [O] + (S)...........20++0+-(I) 
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Fig. 2—Rate of desulphurization of carbon-saturated iron by a calcium aluminate slag at 1505°G 


The rate of reaction (1) at a given temperature will 
be affected primarily by: 
(i) The activities of the reacting species dissolved 
in the metal (denoted by []) and in the slag 
(denoted by () ) 
(ii) The rate of diffusion of the solutes to and from 
the interface in the two phases 
(iii) The slag—metal interfacial area. 

To eliminate as far as possible the last two variables, 
the initial slag and metal compositions and quantities 
and the crucible dimensions were kept constant. The 
stirring due to carbon monoxide evolution was prob- 
ably sufficient to eliminate diffusion as a rate-con- 
trolling factor. 

It is known from studies of reaction kinetics that 
the overall rate of reaction (1) increases as the 
activities of [S] and (O) increase or if the activities 
of the reaction products are decreased. It follows, 
therefore, that the removal of oxygen dissolved in 
iron by a suitable deoxidizer should increase the rate 
of desulphurization. 

Although the equilibrium oxygen activity in carbon- 
saturated iron under 1 atm. pressure of carbon mon- 
oxide is of the order of 5-4 x 10> at 1500°C. 
and although the activity of dissolved sulphur is 
increased about fivefold? by the dissolved carbon, the 
sluggishness of carbon-oxygen reaction as discussed 
previously! appears to prevent carbon from exerting 
its full effect on the rate of desulphurization. Further 
proof of the validity of this view is provided by the 
results in Fig. 2, which clearly indicate that other 
deoxidizers, e.g., silicon and particularly aluminium 
and manganese, increase the rate of sulphur removal 
from carbon-saturated iron by keeping low the oxygen 
activity in iron. 

The fact that silicon is not as effective as the two 
other deoxidizers is not surprising, because the 
dissolution of the deoxidation product, 7.e., silica, in 
the slag will lower the oxygen-ion activity therein.? 

The mechanism of sulphur transfer between carbon- 
saturated iron and calcium aluminosilicate slags was 
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studied by Derge, Philbrook, and Goldman.* Amongst 
other things, they showed that during the initial 
stages of slag—metal reaction there was a rapid increase 
of both iron and sulphur contents of the slag, but as 
the time of reaction increased beyond about 40 min., 
the sulphur approached a higher concentration 
asymptotically, and the iron content of the slag, 
having passed through a maximum, fell to a lower 
value. They stated that “ the above relations between 
iron and sulphur in the slag indicate that the sulphur 
enters the slag from the metal in some iron-sulphur 
compounds. The maximum in the iron curve indicates 
further that this compound disappears through 
reaction with other constituents in the slag. When the 
rates of such a series of consecutive reactions are 
comparable, it can be shown by classical kinetics that 
a maximum will occur when the concentration of the 
intermediate product is plotted against time.” 
Although the present authors agree in general with 
this statement the maximum on the iron transfer 
curve requires further consideration. 

Preliminary experiments showed that when carbon- 
saturated iron was equilibrated with a 50% CaO- 
50% Al,O, slag the dissolved iron content of the slag 
was virtually zero and metallic iron was absent. On 
the other hand, when the same experiment was 
repeated with an iron-carbon-sulphur alloy there 
was a measurable quantity of dissolved iron in the 
slag, z.e., 0-05% (Fe) and 0-02% (8S); in addition, a 
fair proportion of metallic iron was separated by an 
electromagnet. The presence of dissolved iron in the 
slag is also indicated by the faint but distinct green 
coloration. These findings are well in line with those 
of Derge, Philbrook, and Goldman.* 

The first stage in desulphurizing reactions may be 
represented by the following equation: 


[Fe] + [S] = (Fe) + (S)..................(2) 
1 slag 


meta 
It is reasonable to assume that sulphur atoms 
dissolved in iron are ionized, probably having gained 
electrons from the iron atoms. The experimental 
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evidence indicates that sulphur ions alone do not 
diffuse into the slag phase across the interface but 
that they carry with them surrounding iron cations. 

In the presence of certain alloying elements, for 
example manganese, the following reaction may 
proceed simultaneously with reaction (2): 


[Mn] + [S] = (Mn) + (S).................. (3) 
metal slag 


Although the slag and metal components are ionized 
individually or form oxyacid radicles, their ionic 
charges are omitted intentionally from the above 
equations because of the uncertainty of the degree of 
ionization of solutes in these complex systems. 

In slags containing suspended graphite the following 
reactions may take place: 


(Fe) + (O) + C(gr) = Fe + CO(g)............ (4) 
(Mn) + (O) + C(gr) = Mn + CO(g)............ (5) 
(SizOy) + C(gr) = (Siz—,Oy—2) + SiO(g) + CO(g)...(6) 


or other similar reactions. In complex slags only one 
or two of these reactions will occur, depending on the 
magnitude of ionic interactions, which may be related 
to the free energies of formation of the corresponding 
oxides. In slag—metal reactions encountered in iron- 
making conditions the oxidation of carbon by slag 
takes place mainly by reaction (4) and probably by 
reaction (5) with high-manganese slags. The metallic 
iron and manganese produced will vary in size 
depending on the chances of coagulation, and fine 
metallic particles are suspended in the slag. It is the 
experience of many investigators that the analysis of 
dissolved iron in blast-furnace slags is most unreliable, 
because of the difficulty involved in the separation 
of very fine iron particles. 

The concept of a sluggish carbon—oxygen reaction, 
discussed elsewhere!) 4 and proved by an indirect 
method in the present work, may even be applied 
to the oxidation of carbon by slags. On this hypothesis, 
reaction (4) proceeds from left to right at a rate lower 
than the rate of dissolution of iron in the slag at the 
initial stages of desulphurization; this results in an 
increase of the iron content of the slag. As reaction (2) 
proceeds, the rates of iron and sulphur transfer into 
the slag layer will decrease as a result of approach to 
equilibrium, and consequently the proportion of 
metallic iron precipitated by reaction (4) will be more 
than that dissolved in slag during the later stages of 
desulphurization. 

The final stage of the desulphurizing reaction is the 
solution of oxygen in iron: 

(Fe) + (O) = [Fe] + [O]............... (7) 
slag metal 
or similar reactions with manganese, silicon, etc. In 
the absence of carbon suspended in the slag, reactions 
(4), (5), and (6) will not occur and an ion of oxygen 
will be transferred from slag to metal for each ion of 
sulphur which moves in the opposite direction. 

If the rate of reaction (4) were as fast as reaction 
(2), then in the present experiments reaction (7) could 
not have taken place; that is, if the oxygen activity 
in iron were not increased during the process of 
desulphurization because of reaction (4), it follows 
that additions of silicon, manganese or aluminium 
should not have any effect on the rate of metal-slag 
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sulphur transfer. In view of the experimental evidence 
it can therefore be stated that the oxidation of carbon 
suspended in the slag and dissolved in the metal is 
slow compared with the oxidation of other elements, 
the oxides of which are not gaseous, but which dissolve 
in the slag. 

When the present work was completed the authors 
became aware of the work of Goldman® on the effect 
of alloying elements on the mechanism of sulphur 
transfer across a slag/metal interface. Goldman 
showed that copper, nickel, and phosphorus do not 
influence to a measurable degree the rate of de- 
sulphurization; this is to be expected from considera- 
tions of the extent of Cu-O, Ni-—O, and P-O inter- 
actions in molten iron. It was also shown that carbon, 
silicon, manganese, and aluminium increase (in the 
order written) the rate of desulphurization of iron by 
slags in graphite crucibles. 

Although quantitative comparison of the two sets 
of data is not possible, owing to the different experi- 
mental conditions, Goldman’s results confirm the 
present findings. 


CONCLUSIONS 

From theoretical considerations it is to be expected 
that deoxidizing elements, e.g., carbon, silicon, 
manganese, aluminium, titanium, etc., should increase 
the rate of desulphurization, because they lower the 
activity of oxygen in iron. 

Because of the sluggishness of carbon-oxygen 
reaction,’ 4 carbon dissolved in iron or suspended in 
slag does not improve the rate of metal-slag sulphur 
transfer as much as might be expected from thermo- 
dynamic considerations. This is shown by the fact 
that additions of silicon, manganese, and aluminium 
to iron—carbon-sulphur melts increase the rate of 
desulphurization. 

The transfer of sulphur from metal to slag across 
the interface is accompanied by a transfer of iron, 
manganese, or similar cations from the metal. 

If the desulphurizing reaction takes place in a 
graphite container there is carbon suspended in the 
slag. This is oxidized by the slag, resulting in the 
formation of metallic iron, which can be in a very 
fine state of subdivision. 

If no reduction takes place in the slag an ion of 
oxygen is transferred from slag to iron for each ion 
of sulphur passing into the slag layer. 
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The Liquidus of Metal-Oxide /V,0, Systems 


AND THE MECHANISM OF ACCELERATED ATTACK 
ON METALS BY Y,0; 


By G. Lucas, Ph.D., A.I.M., M. Weddle, M.Sc., and A. Preece, M.Sc., F.I.M. 


N a general study of the corrosion of gas-turbine 
blades by vanadium pentoxide partial examina- 
tion of a number of metal-oxide/vanadium- 

pentoxide systems was carried out. No detailed 
examination of the systems was attempted since the 
main intention was merely to establish the liquidus 
and the existence of certain vanadates. It was 
thought that this information would serve as a guide 
in selecting suitable materials as additives to the fuel 
which, by combining with the vanadium present as an 
impurity in the fuel oil, would produce stable, high 
melting point compounds. Such compounds by 
virtue of their high formation temperature and 
stability would not be expected to react with or 
adhere to the blades of the turbine. 

It is thought that the results obtained show clearly 
that the presence of vanadium pentoxide in the oxide 
layers of an alloy dependent on chromic oxide for its 
oxidation resistance so alters the properties of the 
protective film that continual, as opposed to asymp- 
totic, oxidation occurs. This implies that, for high- 
temperature oxidation resistance in the presence of 
vanadium pentoxide-bearing ashes, alloys containing 
chromium are no longer satisfactory. Some indica- 
tion is also given of the principles which must govern 
the selection of oil additives. 


EXPERIMENTAL DETAILS 
Melting-Point Determinations 


Although platinum is not readily attacked by 
vanadium pentoxide, a deterioration does occur with 
prolonged use and consequently it was considered 
undesirable to make melting-point determinations of 
vanadium-pentoxide/metal-oxide mixtures by fusion 
in platinum crucibles with an immersed platinum 
thermocouple. In the technique adopted, these 
difficulties do not arise and the results are readily 
reproducible. 

The method is a variation of the Seger cone 
determination of the melting point of coal ashes, etc. 
The oxides were thoroughly mixed in small ball mills 
for 24 hr., made into a stiff paste with water (or 
carbon tetrachloride in the case of hydratable oxides), 
and moulded in the usual manner into a cone with a 
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SYNOPSIS 


The liquidus of a number of vanadium-pentoxide/metal-oxide 
systems has been determined using the Seger cone method. A 
study has also been made of the attack of vanadium pentoxide on 
chromium at high temperatures. The results have shown that 
alloys which resist oxidation by virtue of a protective film of 
chromic oxide lose this property in the presence of vanadium 
pentoxide. 1038 


}-in. triangular base and a height of 1 in. Two 
cones were prepared from each mixture. 

The cones were pre-fired at 550° C. overnight prior 
to the melting-point determination, since this was 
found to improve the reproducibility of the results 
greatly. The cones were placed upright on a sheet of 
glazed silica in the furnace and the temperature 
slowly increased until the tips of the cones had bent 
over to touch the silica support. The temperature 
at which the first signs of bending were observed is 
also indicated on the diagrams by a line and may be 
taken as a rough indication of the lower limit of the 
solidus—liquidus range for mixtures with no sharp 
melting point. As a check on the accuracy of the 
results and the efficiency of the pretreatment, various 
mixtures which had been tested in this manner were 
reground after melting and a second determination 
carried out. In these cases the behaviour of the 
second series of cones was identical with that of the 
original mixtures. 

Attack on the silica support was surprisingly light, 
although this varied with each oxide mixture, but 
since most of the attack occurred after the cone had 
completely subsided and was fully molten, it is 
considered that errors due to contamination of the 
cones from this source may be neglected. A chromel- 
alumel thermocouple was held near the tip of the cone 
and renewed frequently to obviate any errors which 
might have arisen from contamination by vanadium 
pentoxide. 

The results obtained are shown in Figs. 1-11; all 
compositions are expressed as weight-percentages. 
In general the shape of each diagram can be related 
to the various compounds known to exist in that 
particular system but because of the extremely poor 
quality of X-ray patterns obtained with mixtures 
containing vanadium pentoxide, there may be other 
compounds whose existence has not yet been indicated 
by this technique. In some of the diagrams the 
position of compounds whose existence is suggested 
by the shape of the melting-point curve, but not yet 
confirmed, has been marked and a question mark 
included to indicate the uncertainty. 
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Brief notes on the behaviour of the various oxide 
mixtures during melting follow. 


Figure 1: V,0,-Al,O, 

Cones of compositions 0-40°% Al,O, melted and 
became fluid over a temperature range of not more 
than 5°C., whereas those containing 45-50% Al,O; 
bent appreciably before melting. Those with Al,O, 
contents higher than 50% were unaltered even after 
heating to 1100°C. This corresponds to the possible 
occurrence of a compound 2Al,0;.V,0;. When 
aluminium chloride and sodium vanadate were fused 
together in the presence of excess sodium chloride, 
double decomposition occurred and a dark coloured 
compound insoluble in water was formed. This 
substance was found to contain an amount of 
vanadium roughly equal to that required by the 
formula 2A1,0,.V,0; and had a melting point in 
excess of 1100°C. No satisfactory X-ray pattern 
could be obtained, however. 


Figure 2: V,0,-BeO 
The fluidity of these cones during the melting stage 
decreased markedly with BeO contents greater than 
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Fig. 3—Melting-point curve for V,0,-CaO system 


20% and it was difficult to assign a definite melting 
point in such cases. The softening range is indicated 
on the curve by full lines. 

Figure 3: V,0,-CaO 

To avoid hydration difficulties the hydroxide of 
calcium was used instead of the oxide and it was 
assumed that this would decompose at an early stage 
to give CaO. The results are in general agreement 
with those of Morozov! although they differ somewhat 
in detail. 

In the range 5-25% Ca(OH), a glossy black fusion 
product was obtained; with higher percentages of cal- 
cium hydroxide a yellow-brown matt material resulted. 
Figure 4: V,O0;-Co,0, 

The melting characteristics of the cones of this 
system varied considerably in that at certain com- 
positions the melting point was sharply defined whilst 
at others the cones bent slowly before forming a 
viscous melt. The identification of compound forma- 
tion is also complicated by the decomposition of 
Co,0, to CoO in the temperature range 900—950° C. 
Figure 5: V,O,-Cr,0, 

In spite of a pronounced inflection in the liquidus 
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curve at the composition roughly corresponding to 
Cr,03.2V,0, no evidence of this type of compound 
has so far been obtained by X-ray examination, 
although the orthovanadate Cr,03.V,0, is readily 
formed. 
Figure 6: V,0;,;-MgO 

It will be seen from this diagram that with more 
than 10°% MgO the melting point rises rapidly with 
increasing MgO content. In most cases the melting 
point was clearly marked. 
Figure 7: V,0;-NiO 

The only compounds known to exist in this system 
are NiO.V,O, and 3Ni0.V,0O,, the latter falling 
outside the composition range examined. The small 
inflection at 17-5°% NiO was clearly defined and may 
be due to a relatively unstable compound NiO.2V,0,, 
although again this is not borne out by X-ray exami- 
nation. 


Figure 8: V,O0,-CuO 
At all compositions the melting of these cones was 
very gradual and no very fluid products resulted. 
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Fig. 6—Melting-point curve for V,O,;-MgO system 
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At the fusion point the majority of the mixtures 
appeared to emit a gas; this may be connected 
with the presence of vanadyl vanadates. 


Figure 9: V,0;-Fe,O, 

As indicated by the results there was considerable 
variation in the behaviour of the cones for different 
compositions in this system. Schlapfer, Amgwerd, 
and Preis? obtained the compound Fe,0;.V,0,; by 
combination of either Fe,O, or Fe,0, with V,O,; and 
found that this compound underwent a transformation 
between 850° and 900°C. before decomposing into 
the constituent oxides. This may be connected with 
the constant melting-point region indicated in this 
diagram between 40% and 60% Fe,03. 


Figure 10: V,0;-ZnO 

All the mixtures in this series melted sharply and 
formed very fluid products. The vanadate of zinc 
prepared by double decomposition in a manner 
similar to that described for aluminium contains an 
amount of vanadium corresponding to that required 
by the formula 2ZnO.V,0; and it seems probable 
that the formation of this compound accounts for the 
steep rise in the liquidus curve over the range 35% to 
45% ZnO. 
Figure 11: V,O0,-Cr,0,-NiO 

Mixtures of the following compositions 
prepared: 


were 


(i) 75% Cr,0,-25% NiO 

(ii) 50% Cr,0,-50% NiO 

(iii) 25% Cr,0,-75% NiO. 
These were used as components for a series of binary 
diagrams with vanadium pentoxide. From the 
results obtained Fig. 11 has been prepared. An 
interesting feature of this diagram is that although 
the addition of either chromic or nickel oxide to 
vanadium pentoxide causes the melting point to rise 
at approximately the same rate, the addition of a 
mixture of the two oxides causes a much more rapid 

rise. 

It will be appreciated that the merits of a fuel 
additive will be reflected in the general shape of the 
liquidus of the respective equilibrium diagram, the 
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Fig. 8—Melting-point curve for V,0,-CuO system 


most desirable feature being the formation of a high 
melting-point, and consequently stable, vanadate. The 
nearer the vanadium pentoxide end of the diagram this 
compound occurs the smaller will be the amount of 
the additive required in the fuel. No evidence 
of particularly high melting-point, high-vanadium 
vanadates is indicated in the diagrams, but an order of 
merit is suggested by the effectiveness of the additive 
in raising the melting point of the mixture. 


Oxidation of Metals and Alloys in the Presence of 
Vanadium Pentoxide 

The accelerated oxidation of electrolytic chromium 
(99-9% purity) at 700° C. has been studied using an 
apparatus constructed by Dr. Tylecote and kindly 
loaned to the authors for this work. This apparatus*® 
records automatically and continuously the weight of 
the specimen undergoing oxidation. The specimen 
is suspended from a very thin silica rod attached to 
one arm of a balance. A beam of light is reflected 
from a small mirror attached to the balance arm on 
to a slowly revolving drum carrying a light-sensitive 
paper. Consequently, as the specimen increases in 
weight the balance arm is depressed, the light spot is 
deflected, and a curve is drawn on the photographic 
paper without the specimen being withdrawn from 
the furnace. The temperature of 700°C. was 
selected so that the vanadium pentoxide would be 
molten but not sufficiently volatile to affect the 
results obtained. A typical curve is shown in Fig. 12, 
the specimen area being approximately 1 sq. cm., 
and a minute amount of vanadium pentoxide (of the 
order of 0-05 mg.) was placed on the surface. The 
subsequent weight increase was recorded over a 
period of two weeks on several feet of photographic 
paper and the curve shown in Fig. 12 has been 
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constructed from this record. At the end of the test 
it was found that the scale was of a uniform dark 
green colour, indicating that the vanadium pentoxide 
had spread by diffusion to all parts of the specimen. 
Although only a very minute amount of vanadium 
pentoxide was used in this test, the weight of oxide 
formed is such that the vanadium pentoxide content 
of the scale at the end of the test can only be of the 
order of 2 or 3% 

It is clear that during the oxidation process the 
composition of the scale will follow the equilibrium 
diagram of the Cr,0,-V,0, system, 7.e., in the early 
stages the liquid portion should disappear when the 
scale contains about 20% Cr,0,. The process can 
therefore be split up into several stages, such as: 

(i) Presence of a liquid on the surface 

(ii) Appearance of solid scale containing excess 
vanadium pentoxide and (presumably) chromium 
vanadate (CrVO,) 

(iii) Appearance of scale containing correct 
proportions of vanadium pentoxide and chromic 
oxide corresponding to chromium vanadate only 

(iv) Further oxidation of the metal to give a 
scale containing over 95% Cr,Oz. 

Consequently it is to be ‘expected that different 
portions of the curve will correspond to these various 
stages since, in some at least, different diffusion 
mechanisms are likely to be involved. 
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Fig. 12—Oxidation of chromium at 700°C, in the 
presence of vanadium pentoxide 


From the curves obtained with pure chromium it is 
clear that in the early stages a very rapid attack takes 
place. This is due to the highly oxidizing properties 
of vanadium pentoxide and the very high affinity of 
chromium for oxygen. While this is proceeding the 
V,0;/Cr,0, ratio of the scale passes through that for 
the compound CrVO, without showing any significant 
inflection on the oxidation-rate curve. It seems 
likely therefore that vanadate formation is merely an 
incidental part of the process, taking place in the 
scale layer when the composition is favourable but not 
appreciably influencing the rate of the gas-scale— 
metal reactions. The fact that vanadium ions appear 
to diffuse readily into chromic oxide in preference to 
remaining as vanadate implies that this compound is 
not stable in the presence of excess chromic oxide. 
An experiment which seems to confirm this point was 
to prepare a small rod of chromic oxide, } in. x 1 in., 
and to dip one end of the rod into molten vanadium 
pentoxide so that a little adhered to it. The rod was 
then heated at 700° C. for several days when it was 
noted that the dark colour associated with the 
presence of vanadium gradually moved along the 
length of the rod and the amount of chromic oxide 
so altered was much greater than that equivalent to 
vanadate formation. 

It appears, therefore, that the oxidation of pure 
chromium, instead of following the asymptotic type 
of curve, which it would otherwise do at this tempera- 
ture, is changed in the presence of vanadium pentoxide 
to a parabolic form with a very rapid diffusion rate. 
It is likely that, in the case of a single vanadium 
pentoxide addition, the slowing down of the oxidation 
rate is due mainly to the effect of scale thickening 
rather than the dilution of the vanadium concentra- 
tion. Only a trace of vanadium seems to be necessary 
to promote diffusion of chromium and/or oxygen 
through the scale and it continues to distribute itself 
by solid diffusion throughout the entire scale layer. 
In practice, however, where a continuous deposition 
of vanadium-bearing ashes is likely to occur, only the 
initial stages of the curve are important. The severe 
corrosion which takes place under such conditions is 
clearly related to the maintenance of a high concen- 
tration of vanadium pentoxide in the scale and the 
consequent rapid oxidation rate. 

The well-known fact that attack by vanadium 
pentoxide has been shown to occur on a wide range of 
heat-resisting alloys irrespective of composition may 
be considered in the light of these observations. 
Clearly, the use of chromium as an element conferring 
oxidation resistance is ineffective in the presence of 
this substance. The apparent relative merits of 
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heat-resisting alloys to vanadium pentoxide attack, as 
indicated by weight-increase measurements, will 
depend on several factors among which the following 
may be mentioned: 
(i) The rates of diffusion in the scale of the 
various ions concerned 
(ii) The amount of oxidation products required 
in conjunction with the added vanadium pentoxide 
at the given temperature to produce a solid scale 
(iii) The relative stability of the metal vanadates 
compared with the solid solution of vanadium in 
chromic oxide. 


It can be shown that under standard conditions of 
time, temperature, and vanadium pentoxide addition, 
the three alloys Fe-20% Cr, Co-20% Cr, and Ni-20% 
Cr will be attacked with a severity decreasing in the 
order given. If the oxidation in air of the three 
metals iron, cobalt, and nickel is considered, the 
order of decreasing rate of oxidation is also found to 
be as given, namely, iron, cobalt, nickel. Consequent- 
ly, it seems logical to assume that, since the addition 
of sufficient chromium to these metals brings about 
an asymptotic oxidation curve and the addition of 
vanadium to a chromic oxide film destroys its 
diffusion-limiting properties, the alloys should again 
indicate a rate of oxidation comparable with its 
unalloyed base metal, as is in fact shown in Fig. 13. 
In Fig. 13a the increase in weight per unit area is 
given for the pure metals after 24 hr. at 800°C. A 
similar order is obtained irrespective of the time or 
temperature selected. In Fig. 13) results marked A 
indicate the increase in weight of Fe-20% Cr, Co- 
20% Cr, and Ni-20°% Cr alloys after five days at 
725°C. To these same specimens 1-6 mg. of 
vanadium pentoxide was added and the heating 
continued for a further five days; the further increase 
in weight was then measured. The results are recorded 
by points B and C, since the original oxide present 
will have taken part in the reaction. It will be seen 
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that irrespective of the type of oxidation and the 
presence of interfering elements, nickel-base alloys 
show a smaller weight increase than iron- or cobalt- 
base. It is not unexpected, therefore, to find that 
of the three mentioned, the nickel-base alloys are 
‘more resistant’ to vanadium pentoxide attack. 
The comparably smaller increase in weight of 
nickel-base alloys during attack by this substance is 
thus due to the lower ionic transfer associated with 
nickel rather than some specific ‘ resistance ’ factor. 

During the experiments carried out in this work it 
has been found that the X-ray structure of the 
vanadium pentoxide-containing scale formed on a 
nickel-base alloy was different from that formed on 
jron-base alloys. The former almost invariably 
contained nickel orthovanadate whilst with the latter 
the major constituent was an Fe,O,-rich Fe,0,- 
FeVO, solid solution. This point, at first thought to 
indicate different mechanisms, is readily understood 
by reference to the preceding discussion. If the 
oxidation of a nickel-base alloy is less severe than that 
of an iron-base alloy, under identical conditions of 
vanadium pentoxide contamination, it follows that 
the vanadium pentoxide content of the scale is 
greater in the nickel alloy than is the case with the 
iron alloy. Consequently, the limiting composition 
of the scales fall at different points on the composition 
ordinate of the respective metal-oxide/vanadium- 
pentoxide system. The compounds present in the 
scale are, however, unlikely to affect seriously the 
reactions at the scale/metal interface, since it seems 
certain that a metal vanadate will pass on its vana- 
dium component to the oxide to form a solid solution 
as fresh oxide forms. The end products of any 
attack by vanadium pentoxide would therefore be 
solid solutions if it were not for the restraining effect 
of scale thickness on the oxygen and metal-ion 
diffusion processes. 


CONCLUSIONS 


It is clear from the results of this investigation into 
the mechanism of vanadium pentoxide attack that 
there can not be a heat-resisting alloy, depending on 
chromium for its oxidation resistance, capable of 
withstanding attack by vanadium pentoxide unless 
some means of preventing the solution of vanadium 
ions in the chromic oxide film is found. 

There seem to be two approaches to the problem of 
preventing this type of corrosion: 

(1) The development of high-temperature alloys 
dependent for their oxidation resistance on some 
element, other than chromium, which would form an 
oxide layer unaffected by the presence of vanadium 
pentoxide. Whether such an oxide exists appears to 
be extremely doubtful at the present time. 

(2) The prevention of the vanadium pentoxide 
reacting with the protective oxide film on the surface 
of the blade. This may be possible by adding some 
material to the fuel oil which would combine with the 
vanadium pentoxide in the combustion chamber to 
form an unreactive compound of high melting point. 

When this investigation was begun it was thought 
that certain metal vanadates might be sufficiently 
unreactive but this does not appear to be so. It 
seems that successful additives would be materials 
which form compounds more unreactive than normal 
vanadates. 
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Uranium in Heat-Resisting Alloys 


By G. T. Harris, M.A., F.Inst.P., F.I.M., 
and H. C. Child, B.Sc., A.I.M. 


RANIUM, which falls in the same vertical group of 
U the periodic table as chromium, molybdenum, 
and tungsten, might be expected to be a useful 
strengthening element in heat-resisting alloys. 
A considerable amount of work* had already been 
carried out on vanadium, molybdenum, and niobium 
additions to cobalt-base alloys. In particular a study 
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SYNOPSIS 


Uranium would be expected from its position in the periodic 
table to be a useful strengthening element in heat-resisting alloys. 
A limited amount of work has been carried out to show that this 
is so for cobalt-base alloys. 

The effectiveness of uranium is comparable to that of niobium 
but approximately twice the weight percentage of the former is 
required for the same effect, probably owing to the disparity in 
their atomic weights. 

Uranium has a more deleterious effect on forgeability than 
niobium, and the high-uranium alloys were not forged successfully. 
The optimum uranium-bearing alloy has very similar creep, rupture, 
and scaling properties to its niobium-bearing equivalent. No 
specific uranium carbide has been identified in the alloys. 1096 


has been made of 0-3% carbon alloys containing a 
total of 6% of vanadium + molybdenum + niobium, 
the ratio of these three elements being varied. It 
was found that the optimum alloy lay in the ‘ ternary 
field’ at 2-8% vanadium, 2-0°% molybdenum, and 
1-2% niobium, an alloy known as G.32. 
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Fig. 1—Effect of (a and b) uranium, (c and d) niobium on creep strength 
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Table I 
ANALYSES OF ALLOYS, % 
Alloy No. U* | Nb | Mo | Vv | Cc Mn Si Ni Co Cr 
L.714 ees | ats | 3-13 | 3-06 | 0-28 0-75 0-19 12-1 45.8 19.1 
L.715 0-5 | .. | 2-60 | 2-86 | 0-28 | 0-75 0-21 12-3 45-8 19.7 
L.716 1-0 ies | 2-66 | 2-42 0-24 | 0-77 0-19 11-8 44.6 19.2 
L.717 28 | .. | 2 | 2m | 0-30 0-83 0-35 | 11-8 44.3 19.5 
L.866+ 4 | ans 1 oe ; 1 | 0-3 0-8 0-3 12 45 19 
L.8677+ 6 | asia om ae 0-3 0-8 0-3 12 45 19 
L.868 sath | 0-65 2-53 2-98 0-26 0-79 0-28 12-1 45-8 19.2 
L.869 ee } 2-21 | 2-15 2-60 0-31 0-76 0-20 12-3 45.2 19.4 
L.870 | ae | 2-10 | 1-80 2-31 0-26 0-84 0-19 11-9 45.2 19.1 
L.871 | —e | 4-67 | 0-87 1.23 0.32 0-86 0-22 12-3 45-2 19.4 
L.872 | sae | 6-27 | ae mae 0.28 0.94 0-26 11-9 44-6 19-3 
G.32 | | 22 2-0 2-8 0-3 0-8 0-3 12 45 19 











* Specification—no analyses carried out 
t Did not forge—nominal analysis 
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FRACTURE TIME, hr. 
Fig. 2—Creep strength of alloy L.717 


It was decided consequently to investigate uranium 
by studying a series of alloys containing 0-3°% carbon 
and 6% uranium + vanadium + molybdenum. To 
conserve uranium the whole ‘ ternary ’ field was not 
studied but only those alloys with vanadium/molyb- 
denum ratio = 1:1. 


PROCEDURE 


Small 14-lb. ingots were prepared from _high- 
frequency furnace melts and hammer-cogged to 3-in. 


‘square bar. This material was solution-treated for 


10 min. at 1280°C. and then tested in small creep 
units. Tests were carried out at 16 tons/sq. in. at 
750° C. and 12 tons/sq. in. at 800° C. 

Some additional tests at other stresses at these 
temperatures were also carried out on the optimum 
alloy. The scaling properties of this alloy were deter- 
mined in moving air containing about 3° water at 
950° C. and at 850°C. with a coating of vanadium 
pentoxide (0-0015 mg./sq. cm.). A carbide extraction 
was carried out to identify the precipitating phases 


present after ageing for 100 hr. at 800° C. 
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RESULTS 


The analyses of the uranium series of alloys and a 
corresponding niobium series are given in Table 1. The 
creep properties of these alloys are shown in Figs. 
la-d. The addition of uranium up to 2°, improved 
the rupture strength but larger additions made the 
alloy unforgeable, so that it cannot be said whether 
or not the 2% uranium alloy represents a true 
optimum. Figure 2 gives some more creep data for 
L.717, the 2% uranium alloy, and compares its 
strength with G.32. 

The scaling index, expressing the loss in weight after 
descaling, is: 


Scaling Index, mg./sq. em. 

Alloy L.717 G.32 

70 hr. at 950° C. in moving air (3°% water) 35:5 43-0 
24 hr. at 850° C. with 0-0015 mg./sq. em. 
coating of vanadium pentoxide, mov- 

ing air (3% water) 5-6 5:4 


The X-ray analyses of the carbide extracts from 
both G.32 and L.717 showed « carbide (Cr,,C,) and 
(Nb,V),C, to be present, but the latter phase was 
only present in trace amounts in L.717. The lattice 
parameter of the x carbide from L.717 was somewhat 
greater than normal. As « carbide is known to be 
able to contain molybdenum, iron, and vanadium 
in solution and as uranium would be expected to act 
as a carbide-forming element under these conditions, 
it is probable that uranium may be present in the « 
carbide, but no specific uranium carbide was detected. 


DISCUSSION 


It will be noted that the two alloys containing 4% 
and 6% uranium respectively failed to forge, whilst 
all the niobium series forged successfully. The 2% 
uranium alloy and the optimum alloy of the niobium 
series have approximately the same strength, and so 
about 1% of niobium has the same effect as 2% of 
uranium when substituted for molybdenum and 
vanadium in these alloys. This is perhaps due to the 
disparity in their atomic weights. The 2% uranium 
alloy is somewhat superior to G.32, particularly if the 
longer durations of 1000 hr. are considered. 
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Joint Spring Meeting of the Institute of Metals with the Société Francaise giv 

tio 

de Meétallurgie 1954 In 

sol 

The 1954 Spring Meeting of the Institute of Metals was held in London jointly with ie 

the Société Frangaise de Métallurgie from Monday to Friday, 26th to 30th April. ‘a 

Members of The Iron and Steel Institute were invited to attend the meeting on the thi: 

same basis as members of the Institute of Metals. I 

Scientific Session ‘“‘C” was held in the Bishop Partridge Hall, Church House, It 

London, S.W.1, on Wednesday, 28th April, 1954, at 10 a.m. Mr. James Mitchell, diff 

C.B.E., President of The Iron and Steel Institute, Chairman of the Session, was diff 

supported by Monsieur Pierre Salmon, Past President of the Société Frangaise de the 
Métallurgie. Papers on the diffusion of nitrogen in iron and the continuous cooling of I 

steel were presented and discussed Arr 

At an Additional Session “C,” held on the same day and with Professor G. L. valli 

Chaudron in the chair, a paper by Monsieur J. Philibert and Professor C. Crussard on as 

the martensite transformation in a hyper-eutectoid steel was presented. This paper, Dif 

together with the discussion on it, will be published in a later issue of the Journal. var 

Ho] 

be | 

not 

by 

DIFFUSION OF NITROGEN IN IRON “ 

has 

This discussion was based on the paper by Mr. J. D. the authors’ results and for carbon and hydrogen from we 
Fast and Mr. M. B. Verrijp entitled “ Diffusion of the results of other workers. This table saves the of ¢ 
Nitrogen in Iron,” which appeared in the January, 1954, reader’s time and will undoubtedly be referred to a eee 
issue of the Journal (vol. 176, pp. 24~-27). great deal in the future. To avoid its uncritical use, sepé 
Mr. J. D. Fast (Philips Research Laboratories, Eind- however, it would be desirable to have some estimate into 
hoven) presented the paper. of the accuracy of the values given. For substitutional ator 
Mr. B. E. Hopkins (National Physical Laboratory): elements, it can be argued that the accuracy of the repl 
The subject of diffusion in metals has always been activation energy is rarely better than plus or minus agre 
important, and the need for further reliable data needs several thousand calories, and for the rate of diffusion as it 
no emphasis. Fortunately such information is likely one talks in terms of factors of ten. The situation is whi 
to appear at an increasing rate in future because of the different for carbon and nitrogen in «-iron, the diffusion has 
realization of both the need and the use of comparatively data for which are known probably with greater accuracy A 
new techniques such as damping capacity measurements than for any other elements. However, it would be func 
and radioactive tracers. An example of the paucity of useful to know what the estimate of accuracy is. The the 
data is that of phosphorus in iron or steel. To the authors should be in a good position to claim more than Mr. 
steelmaker, phosphorus is one of the most important previous workers were justified in doing because of the absc 
elements, yet diffusion data are only available from wide temperature range over which they have measured deca 
950° to 1040° C. from the work of Bramley et al.1 many the diffusion rate. it ia 
years ago. There is no doubt that the solution of. the It seems to be expected that a straight line should be hyd. 
problem of temper brittleness, for example, is hampered obtained when the logarithm of the rate of diffusion is Is ti 
by lack of data on the rate of diffusion of phosphorus in _ plotted against the reciprocal of the absolute temperature. ike 
iron, particularly at 400—-600° C. If the solute is uniformly dispersed in the solvent, this Ww 
An important feature of the present paper is the wide expectation is obviously justified. But if we consider in ¥ 
temperature range over which the rate of diffusion of nitrogen we have to conclude that it can exist in iron decr 
nitrogen has been measured. A useful feature of the in a number of different states according to the Mig] 
paper is Table II where the rate of diffusion has been temperature and other factors. At high temperatures pom 
worked out for various temperatures for nitrogen from there is the closest approach to a random distribution. hind 
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In the temperature range 500—700° C. it is suggested 
that there is a concentration of nitrogen at grain 
boundaries. At somewhat lower temperatures there 
may be a non-uniform pre-precipitation distribution. 
Apart from the two nitrides Fe;.N, and Fe,N, nitrogen 
may also be present in atmospheres around dislocations. 
Although some of these individual items may be disputed 
because the evidence for them is not sufficiently good, 
there remains, nevertheless, a body of evidence that 
nitrogen atoms can exist in various states, all of which 
should have different energies although the variation in 
energy might be small. Would one expect this to be 
reflected in the rate of diffusion by affecting either Do 
or U? There is no sign of this in the present results 
at room temperature, 500°, 600°, and 950° C. It may 
be that when nitrogen appears at the grain boundaries, 
only a small proportion does so, the average result being 
given by the nitrogen inside the grains at the concentra- 
tion level of 0-1 at.-% dealt with by the authors. 
In this case one would seek the effect in more dilute 
solutions. On the other hand, the energy differences 
between the various conditions may be small enough 
to be overshadowed by the experimental error involved 
in Do and U. I would appreciate the authors’ views on 
this point. 

Professor C. Crussard (Physics Department, IRSID): 
It is interesting to correlate the experiments on mass 
diffusion at high temperatures and _ short-distance 
diffusion produced by internal friction. It is clear that 
these have the same activation rates. 

It is sometimes wondered whether the law of 
Arrhenius, shown by log D as a function of 1/7’, is truly 
valid over a large temperature range. The fairly 
comprehensive experiments of Nowick on _ internal 
friction have revealed a slight variation from this law. 
Different authors have suggested explanations of these 
variations. The phenomenon just mentioned by Mr. 
Hopkins, viz., diffusion in the grain boundaries, could 
be one reason, but in Nowick’s experiments that was 
not possible because the experiments were carried on 
by internal friction, where diffusion in the grain 
boundaries plays no part. 

An examination of the various hypotheses proposed 
has led me to a revision? of the Arrhenius formula, which 
can be stated as follows. It is not temperature that 
must be put as denominator, but a complicated function 
of temperature which brings in the energy at absolute 
zero. This formula is obtained by not considering the 
separate atoms as independent oscillators, but by taking 
into account the binding or coupling forces between the 
atoms. When this correction is introduced, 7’ must be 
replaced by a function e(7') which gives results in good 
agreement with Nowick. I mention this to Mr. Fast 
as it might be possible to find along that line a correction 
which would explain the small discrepancy which he 
has pointed out at low temperatures. 

A second interesting point, which is not bound to the 
fundamental question of diffusion, is what happens at 
the surface. I was at first sight surprised to see that 
Mr. Fast had found the same rate of desorption with 
absolutely pure hydrogen as with wet hydrogen. With 
decarburization, which seems to be a similar phenomenon, 
it is known that the presence of water vapour in the 
hydrogen considerably accelerates the decarburization. 
Is there a difference between carbon and nitrogen in 
this respect, and from what does this difference arise? 

When the temperature is increased above 800-850° C., 
in wet hydrogen at least, the rate of decarburization 
decreases. Was this observed in the present case? 
Might not this decrease at 850° C., be due to a parasitic 
surface-oxidation reaction of the metal which would 
hinder the passage of the carbon from the metal into the 
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atmosphere? There is no question of a decrease of the 
rate due to the a—-y transformation, because it has 
already been observed at a completely ferritic stage. 


Dr. M. L. Becker (B.1.8.R.A.): As the paper points out, 
the accurate measurement of diffusion coefficients is 
greatly needed to provide data for theoretical calcula- 
tions on ageing, precipitation, and other changes in the 
solid state. The authors have used the rather novel 
internal-friction method to measure the diffusion 
coefficients at low temperatures, 9-°5° and 21-5°C. 
Others like myself may feel that they have not sufficient 
mathematical knowledge to follow the whole of the 
argument. Would the authors say whether the quantity 
of the nitrogen in the wires, which they claim was 0-1 
at.-%, 2¢., approx. 0-025 wt.-%, was determined 
chemically or by other means ? 

It is most satisfactory that the values in Fig. 3 deter- 
mined for the diffusion coefficient D at these low 
temperatures, and those determined for the «-iron at 
500° and 600° C., are so consistent and give this good 
straight-line relationship. It is claimed that the 
measurements at 500° and 600° C. depend upon con- 
ventional methods, but as I understand it, the diffusion 
coefficient measurements are still based upon internal 
friction experiments. I should have liked to see some 
chemical determinations to confirm the values for the 
diffusion coefficient at 500° and 600° C. 

In Table II the conclusion is reached that in «-iron 
the diffusion coefficient is roughly 50 times greater 
than that of y-iron at approximately the same tempera- 
ture, which would give 950° C.; this is rather surprising. 
Like Mr. Hopkins, l am not sure what accuracy we should 
attach to these figures, but the size of the diffusing 
atom must have something to do with the sudden 
decrease in passing from the « to the y condition. The 
change in lattice dimensions is not very great, and I 
can only assume that in some way nitrogen is rather 
critical in size and that the small change in lattice 
dimensions is sufficient to cause a very sudden blocking 
of the passage of the nitrogen through the metal. If 
that is so, then we should expect that possibly quite 
small amounts of substitutional elements present in the 
iron might profoundly affect the diffusivity of the 
nitrogen in both the « and y states. 

The authors do not give the analysis of the iron used, 
but in papers of this kind surely this, as well as the 
method of manufacture, should be stated. If, as I 
suggest, quite small quantities of substitutional elements 
considerably influence diffusion rates, then clearly a 
given set of measurements would apply for a particular 
iron of high purity, but might not apply to samples 
from different sources. 

I see that we may expect a further paper on the actual 
solubility of nitrogen in pure iron, so possibly some of 
the questions raised here may be answered later. 


Dr. K. Winterton (British Welding Research Associa- 
tion): This background information and the forthcoming 
information on solubility is very important. From the 
metallurgical viewpoint there are the new boron steels, 
where it is important to get rid of all the nitrogen before 
the boron can be effective. Nitrogen itself has also 
been suggested as an alloying element. 

In mild-steel weld metal nitrogen tends to be rather 
high, and it has been suggested that that accounted for 
the rather higher strength obtained. 

Theoretically the information in this paper is even 
more important. Following from the Cottrell mechanism 
which was put forward to explain the yield point, 
strain-ageing was subsequently explained in terms of 
the diffusion of carbon and nitrogen, and now, to 
follow that up more precisely, more exact measurements 
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of these diffusion coefficients are required. The effect 
of nitrogen in brittle fracture, both directly and via 
the mechanism of strain-ageing is extremely important. 

I should like the authors’ opinion on the following. 
In an old patent, dated 1927, it was claimed that when 
welding in mixtures of argon and nitrogen it was possible 
to put down weld metal with nitrogen in an innocuous 
form. Recently I saw a similar claim from America. 
The claim is that the nitrogen is not in the normal acicular 
form, and presumably, therefore, not the Fe N 
compound. 


AUTHOR’S REPLY 


Mr. J. D. Fast wrote: My reply to the questions of 
Mr. Hopkins is as follows. 

(1) Our estimation of the accuracy of the values of 
Do and U is Do = 0-0066 + 0:0020 sq. cm./sec. and 
U = 18,600 + 200 cal./g. atom. The value of Do as 
given by Wert® (Do = 0-003 sq. cm./sec.) seems to be 
too low. Wert himself in a letter dated 12th March, 
1954, wrote to me: “ We have felt for some years that 
Do for nitrogen diffusing in «-iron was too low. Your 
value seems much better.” 

(2) Theory does not demand a straight-line relationship 
between the logarithm of the rate of diffusion and the 
reciprocal of absolute temperature. The activation 
energy U will generally be slightly dependent on tempera- 
ture even in the case of a solute uniformly dispersed in 
an undeformed single crystal of the solvent. Experi- 
ments, however, indicate that this dependence on tem- 
perature is so slight as to be overshadowed by the experi- 
mental errors in most cases. An experimentally observ- 
able deviation from linearity may be expected if two or 
more jump mechanisms with slightly different activa- 
tion energies operate together. If mechanisms with 
widely divergent activation energies operate together a 
curve consisting of several nearly straight parts may be 
expected. 

(3) Our experiments seem to indicate that the 
nitrogen atoms show no preference for grain boundaries 
in the temperature range 500-700°C. Such a pre- 
ference will occur at much lower temperatures when 
the rate of diffusion is so small that no appreciable 
part of the dissolved nitrogen can reach the grain bound- 
aries during the time available in the damping experi- 
ments. However, in deformed iron containing carbon or 
nitrogen the mutual distance of the dislocations is so 
small that an appreciable part of the carbon or nitrogen 
is captured by the dislocations at low temperatures, ¢.g., 
room temperature. At a frequency of 1 sec.— these cap- 
tured atoms cause a second maximum of internal friction 
in the neighbourhood of 200° C., their jump frequency 
being much smaller than that of the C or N atoms in 
normal interstices. According to Snoek‘ the activation 
energy of this jump mechanism is about twice that of 
the normal mechanism. The second maximum of 
internal friction is absent in well-annealed iron containing 
earbon or nitrogen. 

Professor Crussard is surprised that the same rate of 
desorption of nitrogen is found with absolutely pure 
hydrogen and with wet hydrogen, whereas decarburiza- 
tion proceeds much faster in wet hydrogen. The explana- 
tion of this different behaviour lies in the fact that 
nitrogen does not form stable oxides whereas carbon 
atoms adsorbed at the iron surface can be desorbed in 
wet hydrogen by forming the stable compound carbon 
monoxide. 

My reply to the questions of Dr. Becker is as follows. 

(1) The dependence of internal friction on nitrogen 
content was determined by chemical analysis of the 
nitrogen content and measurement of the internal 
friction of many iron wires containing nitrogen. Within 
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the limits of experimental error the internal friction 
appears to be proportional to the nitrogen content. 
Details of these measurements will be given in a paper 
to be published in the Journal. 

(2) After having established the proportionality men- 
tioned above, diffusion coefficients at 500° and 600° C. 
could be determined in desorption experiments by simply 
measuring the ratio of maximum values of internal 
friction. These determinations are conventional in the 
sense that they depend on long-range diffusion, whereas 
the diffusion coefficients at low temperatures are derived 
directly from internal friction which depends on short- 
range diffusion, 7.¢., jumps between neighbouring inter- 
stices. 

(3) The sudden decrease in diffusion coefficient of 
nitrogen in iron in passing from the « to the y condition 
seems not to be connected with some critical size of the 
nitrogen atom as the same phenomenon is found for 
carbon and even for hydrogen dissolved in iron. It 
seems not unreasonable to suppose that the greater 
activation energy for diffusion in y-iron is caused by the 
tighter packing of the iron atoms in this phase as com- 
pared with that in the «-phase. 

(4) It is difficult to study the dimensional effect of 
substitutional elements separately as in most cases the 
chemical effect will dominate. This was certainly so in 
the case of manganese and vanadium whose effects on 
the diffusion of nitrogen in iron were studied in our 
laboratory.®: § 

(5) Dr. Becker’s last point was the influence of traces 
of impurities and why we did not give the analysis of 
our iron. We did so in an indirect way by referring to 
a paper (still in the press at that moment) in which the 
preparation of this pure iron is described and in which 
the analysis is given.’ It is about 99-99% pure. We 
have found in our experiments that traces (some 
thousandths of 1%) of impurities have no measurable 
influence on the rate of diffusion of nitrogen. 

Dr. Winterton raises the question of the influence of 
nitrogen in welding. The weld metal will take up less 
nitrogen when welding is done in mixtures of argon and 
nitrogen than when it is done in pure nitrogen. Apart 
from this diluting effect the argon can scarcely be 
expected to have any other direct effect as argon itself 
is insoluble in metals. Experiments of Dijkstra’ have 
shown that below about 250°C. nitrogen precipitates 
primarily in the form of a new nitride which does not 
give needles as Fe,N does, but much more rounded-off 
crystals. One could imagine that with quick cooling 
(as in welding) the nitrogen precipitates mainly in the 
form of the new nitride if the nitrogen content is rela- 
tively low, whereas with higher nitrogen contents it 
would perhaps mainly precipitate as Fe,N. In this case 
the argon would have an important indirect effect. 
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CONTINUOUS COOLING OF STEEL 


This discussion was based on the following papers (the 
dates of publication in the Journal are given in 
parentheses): 

** Assessment of Weldability by Rapid Dilatation 
Tests,” by C. L. M. Cottrell (1953, vol. 174, May, 
pp. 17-24). 

** Continuous-Cooling Transformation Diagrams 
of Steels,” by W. Steven and G. Mayer (1953, 
vol. 174, May, pp. 33-45). 

“* Effect of Hydrogen on the Continuous-Cooling 
Transformation Diagram for a Mn-Mo Steel,” by 
C. L. M. Cottrell (1954, vol. 176, March, pp. 272-282). 


Dr. C. L. M. Cottrell (previously with the British 
Welding Research Association, now with the English 
Electric Co., Ltd., Rugby) presented the two papers 
of which he is the author, and Dr. W. Steven (The Mand 
Nickel Co., Ltd.) presented the paper by himself and 
Mr. Mayer. 


Dr. W. I. Pumphrey (Murex Welding Processes Ltd.): 
In the experiments reported in his first paper, Dr. 
Cottrell found that with both fast and slow rates of 
cooling those steels in which the transformation was 
completed at temperatures above 290° C. were free 
from hard-zone cracks during welding, whereas those 
steels in which the transformation was completed at 
temperatures below 290° C. were susceptible to such 
cracking. It can be inferred from the paper, though 
it is not actually stated, that this difference in the 
behaviour of steels which transform above and below 
290° C. can be ascribed, possibly, to the transformation 
products in the non-cracking steels not being wholly 
martensitic in nature, but perhaps bainitic. Did the 
author make any actual examination of the micro- 
structure of his transformed dilatometer specimens ? 

His observation of the continuation of transformation 
in his specimens at room temperature after quenching 
in the dilatometer is most interesting. My personal 
experience with steels of the type listed in Table II 
of his first paper is that they can retain up to about 
5% of austenite in their structure after rapid quenching, 
and it is of interest to note, in Table III of the same 
paper, that in the eight steels in which the progress of 
transformation after quenching to room temperature 
was measured, the observed transformation after 2 days 
corresponds to a transformation of only about 1% of 
the retained austenite. Does the author consider this 
implies that there was only 1% of austenite retained 
in these steels on quenching, or does he think that 
there was more than this percentage of austenite retained 
on quenching, but that only a small proportion, viz., 
1%, was transformed on standing? This point is 
rather important because, as Hopkin! has suggested, 
the transformation of @ single grain or a few grains of 
retained austenite in a martensitic matrix some days 
after a welded specimen has been at room temperature 
may give rise to additional local internal stresses of 
sufficient magnitude to initiate cracking. 

The author suggests that the somewhat lower hard- 
nesses of the dilatometer specimens compared with the 
hardnesses observed in the heat-affected zones of the 
welds in the same steels may be due to the absence of 
hydrogen in the dilatometer specimens. This is some- 
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what difficult to accept, and it seems possible that the 
difference in hardness could be due to differences in the 
degree of retained austenite. In his second paper Dr. 
Cottrell gives a further explanation of this difference in 
hardness, but I do not find his second explanation really 
convincing. 

The problem of the effect of hydrogen on the 
mechanical properties and the tendency to cracking of 
weld metal is one which has attracted the attention of 
metallurgists for many years, and Dr. Cottrell’s second 
paper is of the greatest significance in connection with 
this problem. I do not feel, however, that the 
temperature for completion of transformation during 
continuous cooling can be the only criterion of the 
inherent susceptibility of a steel to crack during welding. 
Under conditions of severe restraint, cracks are 
often observed to occur in welded test pieces 2, 3, or 4 
days after the weld has cooled down to room temperature, 
and the occurrence of such cracking can have nothing 
to do with the cracking associated with the end-of- 
transformation temperature. 

The author, however, has given a very clear picture 
of the effect of hydrogen on the properties of weld metal. 
The earlier theories were associated very largely with 
the probable effect of hydrogen in solution or present in 
small discontinuities in the metal whereas the author 
has added to this theory by giving us some indication 
of effects other than simple solution effects, which may 
be associated with the presence of hydrogen in weld 
metal. His work thus leads us to a better understanding 
of the causes of cracking during the welding of the 
ferritic steels and of the role of hydrogen in this 
connection. 

In the author’s description of his experimental 
procedure it is not clear whether the hydrogen determina- 
tions on the treated specimens were done at room 
temperature or at some higher temperature and further 
information on this point would be of value. In this 
connection, whereas the hydrogen content of the treated 
specimens before being subjected to any thermal cycle 
is reported as about 12 c.c. per 100 g. of metal, the 
hydrogen content of the specimens after thermal 
treatment was only about 1-7 ¢.c. per 100 g. of metal. 
This latter quantity is considerably below that which is 
normally found in weld metal deposited by non-low- 
hydrogen electrodes, and I am puzzled to know why 
there should be a difference in the final hydrogen 
contents of dilatometer specimens of wrought steel and 
of specimens of weld metal which have been saturated 
to the same degree with hydrogen before testing and 
which have been subjected to the same rate of cooling 
from the saturation temperature. 

In any event, it should be remembered that the 
hydrogen content of a specimen of weld metal 
determined some time after the completion of welding 
is probably very different from the hydrogen content 
of that weld metal at the instant of deposition, and 
certainly at the time when that weld metal is cooling 
through what the author calls the critical transformation 
range. The amount of hydrogen which is present in 
the steel when it is cooling down after welding is, in 
fact, a more important quantity to be studied than the 
amount of hydrogen present in the steel after it has 
cooled to room temperature. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
D 





354 DISCUSSION AT JOINT SPRING MEETING, 1954 


(i) 


Figures show O-3 % 
proof stress. tons/sq. in. 


SEVERITY OF HARD-ZONE CRACKING, % leg length 


ypy_ 





200 250 300 350 400 450 


TEMPERATURE FOR FINISH OF AUSTENITE 
TRANSFORMATION DURING COOLING, °C. 

Fig. A—Relationship between transformation tempera- 
ture of steels during continuous cooling and extent 
of cracking in weld test using class 2XX electrodes. 
For normalized-equivalent to (i) 4-in., (ii) 1}-in. 
plate specimens 


The papers by Dr. Cottrell emphasize how important 
it is to have adequate information on the behaviour of 
steel during continuous cooling from some elevated 
temperature. The rates of cooling involved in his 
investigations were much higher than those used by 
Dr. Steven and Mr. Mayer; nevertheless, the three 
papers are complementary. 

I was most impressed by the thoroughness of the 
experimental work of Dr. Steven and Mr. Mayer 
although I agree with them that it would be advantageous 
to include in their continuous-cooling diagrams sqme 
information on the nature of the transformation products. 
It is difficult to compare the standard isothermal 
transformation curve with the continuous-cooling dia- 
gram in respect of transformation products. 

It is theoretically impossible to correlate exactly the 
cooling conditions in a small specimen cooled in air with 
those in a larger specimen quenched in oil. The authors 
mention that below 300° C. the cooling rates with their 
two types of specimen probably diverged considerably. 
I had intended to ask whether this divergence also 
occurred at some other temperature, but Dr. Steven 
has stated in presenting the paper that the divergence 
also occurred at temperatures above 700—750° C. 

In Table IV the Scheil factor at the start of trans- 
formation with steel D (En 19) is nearer the theoretical 
value of 1 than with steel A (En 12). Could this be 
because the pearlitic and intermediate ranges of trans- 
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formation in steel D are more distinct and less over- 
lapping than in steel A? I should like to know whether 
the discrepancies between the observed experimental 
data and the calculations made according to the method 
proposed by Dr. Jones and myself? were equally great 
with the two steels. In any event, Dr. Steven and 
Mr. Mayer’s results suggest that it would be of great 
interest to examine the validity of the Scheil hypothesis 
with steels having isothermal transformation diagrams 
of widely different forms. 

Mr. W. E. Bardgett (United Steel Companies Ltd.): 
Dr. Cottrell’s first paper assesses very clearly the 
relationship between cracking susceptibility and trans- 
formation characteristics. 

We have carried out a great deal of work on his 
steel X, a low-carbon molybdenum steel with boron 
added. The effect of the addition of boron is to move 
the isothermal transformation curve to the right, which 
results in very marked improvement in proof stress or 
yield stress, which is doubled, and in a 50% increase in 
U.T.S. In spite of these high mechanical properties, 
we found that the steel was very free from cracking even 
in a Reeve fillet-weld test, with the bottom plate at 
0° C.; but the work which we did supplied no explanation 
of why the steel was so characteristically free from 
cracking, whereas the author’s paper has. 

In Fig. A (i) where the 0-3% proof-stress figures have 
been put in round numbers for the various steels (cf. 
Fig. 5a of Dr. Cottrell’s second paper, where the steel 
numbers are shown), a ready assessment of the end-of- 
transformation temperature can be obtained, together 
with the proof-stress figures. These results refer to 
samples cooled at a rate corresponding to }-in. plate in 
the normalized condition. Note that steel X, in spite 
of its high mechanical properties, is far out to the right 
for the end-of-transformation temperature, at about 
430° C. The proof-stress figures of the steels near to it 
are appreciably lower, and the 290° C. end-of-trans- 
formation temperature is approached before getting a 
similar figure. Steel with a 33-ton proof and free from 
cracking shows an end-of-transformation temperature 
of about 320° C. 

Figure A (ii) shows 0-3% proof-stress figures for speci- 
mens cooled at a rate corresponding to 14-in. plate. 
Note that for steel X the proof stress is well up at 
29 tons/sq. in., and there are none of the remaining 
steels transforming at a temperature above 290° C. 
which show a proof-stress figure comparable with that 
of steel X. It is clear that, in spite of the high mech- 
anical properties, the steel is transforming at this high 
temperature in the bainitic range and is free from 
cracking. 

These remarks are made mainly to emphasize that the 
author’s technique has provided a more complete 
explanation of weldability than had been obtainable 
from the tests which we have carried out. 

Mr. H. Allsop (Brown Bayley Steels Ltd.): Dr. Steven 
and Mr. Mayer explain the need for transformation 
diagrams under conditions of continuous cooling by 
rightly pointing out that the greater part of commer- 
cially heat-treated steel is transformed during con- 
tinuous cooling, so that useful as isothermal diagrams 
undoubtedly are they do not closely simulate the greater 
part of commercial heat-treatment and the data they 
provide are not readily applicable to those processes. 
Cottrell’s work, though employing thermal conditions 
very different from those of Dr. Steven and Mr. Mayer, 
closely simulates the conditions under which large 
quantities of steel do cool and transform. By their 
obvious direct applicability to day-to-day processes, 
therefore, these papers are very welcome. I suggest 
that Cottrell’s observations on the influence of hydrogen 
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Fig. B—Isothermal transformation diagram of a 25% 
tin-bronze 


on transformation may be well worth pursuing in respect 
of problems other than those applicable to welding. 

The work of Dr. Steven and Mr. Mayer is based on 
an earlier paper by the same authors,? in which they 
demonstrated that by air-cooling small specimens of 
suitable size they could very closely simulate the cooling 
rate of oil-quenched larger bars, and they showed there 
was very good agreement over the temperature range 
700-300° C. The present paper is based on equivalence 
of cooling rate, using the relationship established in 
the previous work. The authors’ diagrams provide 
more information than the Jominy end-quenched test, 
which was probably the first attempt to show the effect 
of varying continuous-cooling rates and to link them 
with the cooling rates of quenched bars. The authors’ 
equivalence appears to be better founded than either 
of the criteria of equality of cooling rate, i.e., half- 
temperature/time or cooling rate at 700° C., which have 
been used for Jominy tests. In addition their diagrams 
show clearly the bar size in which a _ completely 
martensitic structure will be developed at the centre 
or at any other position and give a very fair idea of 
the structures in bars which are too large to develop 
completely martensitic structures. It would have been 
interesting to have micrographic confirmation of the 
similarity of these intermediate structures. 

From a practical point of view, the success of any 
hardening and tempering operation must be judged by 
the attainment of all mechanical properties required 
by the appropriate En or other specification, and since 
the cooling rates adopted closely relate to oil quenching 
it is from this angle that the usefulness of the diagrams 
may be assessed. The authors show satisfactory 
correlation between the hardnesses of the air-cooled 
small specimens and the oil-quenched bars, but this 
hardness, especially when it corresponds with a non- 
martensitic transformation product, is not necessarily 
a satisfactory indication that all the properties required, 
particularly impact, will be obtained in the tempered 
condition. The structures in Fig. 6 representing (a) the 
axis of 1-7-in. dia. bar, and (b) a corresponding dilato- 
meter specimen, do not show good similarity and 
exhibit differences which might, after tempering, give 
rise to appreciably different impact values. Data 
published elsewhere, particularly by Honeyman,‘ show 
that small variations in as-quenched hardness, especially 
in the region of 350 D.P.N., may cause marked differences 
in impact value after tempering and there is no doubt 
that impact differences can be related to structures 
having similar hardnesses but differing in the occurrence 
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Fig. C—Correlation of the transformation behaviour of 
a 25% tin-bronze on continuous cooling and the 
behaviour calculated from the isothermal trans- 
formation diagram 


of their constituents, notably the amount and distribu- 
tion of ferrite. Some of the authors’ small-specimen 
diameters are of sufficient size to obtain a miniature 
impact test and I suggest that where this is possible 
impact tests should be carried out for comparison with 
impact tests from the oil-quenched bars. If the agree- 
ment in impact and structure between the small 
specimens and the appropriate positions in the large 
bars is good, the value of their work will be materially 
enhanced. 

The authors and their colleagues are well aware of these 
points because they make no claims that their method 
will enable a precise estimate to be made of the hardness 
and structure in large bars, and they draw attention 
to the structural differences of the two samples of 
in 17 already noted. It is no criticism of their work 
to say that there are limitations imposed on the useful- 
ness of their diagrams because of our inability to 
produce steels within very close composition limits which 
will behave in a regular fashion and avoid the effects of 
heterogeneity, differences in hardenability, etc., which 
make it extremely difficult, if not impossible, for one 
or two diagrams adequately to represent a type of steel. 


Dr. K. Winterton (British Welding Research Associa- 
tion): Following on from Dr. Cottrell’s work at B.W.R.A., 
we recently acquired from the U.S.A. an instrument 
called a function plotter, in which two electrical impulses 
are fed into the instrument; one drives a pen in the 
normal way, and the other a chart motor, so that the 
instrument can be used to plot stress/strain and other 
curves. We use it to plot dilatation curves by converting 
the movement of the dilatation specimen into an electrical 
record by means of strain gauges. To anyone who has 
plotted these curves in a more laborious manner, to see 
this instrument in operation is very impressive. We 
hope to compile an atlas for the various steels available, 
showing at least part of the continuous-cooling trans- 
formation curve, 7.e., the end-of-transformation tempera- 
ture. As Dr. Cottrell has shown, this temperature has 
an important influence on weldability from the viewpoint 
of the initiation of hard-zone cracking. 


Dr. A. P. Miodownik (Battersea College of Tech- 
nology): Both authors have mentioned instances where 
there is apparently some discrepancy between observed 
continuous-cooling transformations and data calculated 
from a combination of isothermal diagrams and cooling 
curves. Dr. Cottrell has stated that the hardness of 
the heat-affected zone in a weld is considerably higher 
than calculated values, and Dr. Steven and Mr. Mayer 
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found the Scheil factor would have to be assigned a 
value of 2-9 instead of the expected value of 1. 

Good agreement between continuous and isothermal 
transformations can be obtained in some other alloy 
systems, and it is therefore of interest to speculate on 
the reasons for the differences obtained in steels. 

One alloy in which good agreement has been obtained 
is a 25% tin-bronze. The isothermal transformation 
curve Fig. B differs from steels in that the M, tempera- 
ture is below room temperature and that there is no 
bainitic reaction. The structures and _hardnesses 
obtained by continuous cooling, as in an end-quenched 
bar, agree remarkably well with those predicted by 
the use of a mathematical treatment similar to that 
used by the authors (see Fig. C). 

It appears that three main factors could be responsible 
for the divergences between the correlations obtained 
in the steels and the bronze. Firstly, cooling rates were 
actually determined in the places which were examined 
micrographically. Secondly, the reactions occurring at 
high and low temperatures seemed to fall into one 
group and be reasonably additive. Thirdly, the reaction 
kinetics were determined, and due account taken of 
the non-linear relationship between the degree of 
reaction and reaction time. 

It seems, therefore, that the simple methods of 
additivity of fractional incubation periods and reaction 
times can be used with success in the correlation of 
isothermal and _ continuous-cooling transformations, 
provided that the system is fairly simple and that 
enough is known about the interdependence and kinetics 
of the reactions concerned. 

On another aspect of continuous-cooling transforma- 
tions, Dr. Cottrell, in a letter5 referring to the paper on 
manganese-molybdenum steels, has said that there 
appears to be evidence for an increase in Mg and M¢ 
temperatures with a decrease in rates of cooling. This 
would seem to be at variance with general stabilization 
phenomena and with other published work®° for steels 
and other alloys. In these experiments rates of cooling 
between 10 and 10,000° C./sec. were used, and the Mg, 
temperature was found to be independent of cooling 
rate except very slightly at the faster rates. An arrest 
at a higher temperature at lower rates of cooling 
does not necessarily denote that the phase change 
responsible is still a martensitic reaction. Would it 
not be simpler to regard such an arrest as due to 
bainite formation ? 


Monsieur A. Constant (IRSID): The mode of repre- 
sentation used by Dr. Steven and Mr. Mayer which 
shows the progress of transformation on a temperature/ 
bar-diameter diagram for an oil-quenched bar, is very 
different from that generally used where the progress of 
transformation is shown on a _ temperature/log-time 
diagram, identical to that used for isothermal trans- 
formation curves. If one accepts the analogy, put to 
good use by Dr. Steven and Mr. Mayer, between the oil 
cooling of large bars and the air cooling of specimens of 
suitably chosen diameter, the curves give very interesting 
practical information in all cases where cylindrical oil- 
quenched bars are concerned. Now the test-pieces can 
have various forms, the quenching conditions them- 
selves are very varied, and application of the mode of 
representation used can thus be very tricky. 

Moreover, with different co-ordinates from those used 
for isothermal transformation curves, comparison of 
the curves obtained for a given steel in isothermal and 
continuous-cooling conditions is difficult, and this may 
hinder the interpretation of the structures. Dr. Steven 
and Mr. Mayer indicate, however, that they will complete 
their dilatometric study with a micrographic study, 
which will partly answer this point. 
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Dr. Steven and Mr. Mayer use a graphical method to 
determine the progress of transformation according to 
the dilatometric curve. We should like to ask them if 
they have come across the case of split transformations, 
z.e., taking place partly in the pearlitic zone, and partly 
in the bainitic, and how they deal with these cases. 

With the dilatometric method used—and the same dis- 
advantage applies to all indirect methods—only austenite 
actually transformed is recorded; now a certain quantity 
of austenite is capable of not transforming and can 
remain in the residual austenitic state at room tempera- 
ture. This is particularly to be expected when at least 
a part of the transformation takes place in the bainitic 
zone, and the determination of residual austenite, 
either by micrography or X-rays, seems capable of 
successfully completing the given curves on this point. 

Mr. E. T. Gill (Climax Molybdenum Company of 
Europe Ltd.): Dr. Cottrell’s work emphasizes the wisdom 
of using low-hydrogen electrodes for welding low-alloy 
steels which with the rutile-coated rod are borderline 
cases in regard to incidence or freedom from heat- 
affected-zone cracking. 

The virtue of using the low-hydrogen type of electrode 
is becoming well recognized because freedom from 
cracking can be obtained where otherwise difficulties are 
encountered. Dr. Cottrell helps to clinch this point 
by showing that if the temperature of completion of 
the austenite transformation is lower than about 
290° C. when a rutile rod is used for welding Mn—Mo 
steel, heat-affected-zone cracking is likely. Under 
similar welding conditions on the same material, using 
a low-hydrogen rod, there is no danger of cracking unless 
the end-of-transformation temperature is significantly 
lower; Dr. Cottrell estimates this temperature at 
200-250° C. Production statistics show that the field 
of application for these moderately priced Mn—Mo steels 
is widening rapidly. It is hoped, therefore, that the 
author will extend this work to other steels of this class 
so that confidence will be firmly established in the 
possibility of achieving satisfactory welds regularly and 
consistently in what may at present be considered 
‘ difficult ’ steels. 

Obviously, there are limitations to what can and 
cannot be welded satisfactorily; carbon content is 
naturally and always will be a determining factor, but 
Dr. Cottrell’s work emphasizes that under appropriate 
conditions and with the right welding rod, the field of 
application of welding is much wider than at one time 
seemed possible. 

Dr. Cottrell’s contribution to the discussion at last 
year’s Special Meeting of The Iron and Steel Institute 
on Boron in Steel suggests that although most low-alloy 
steels which he has tested show the end-of-transformation 
temperature to be below 300° C. and, therefore, require 
welding with a low-hydrogen electrode, unless pre- 
heating is adopted, some steels of this type fall into a 
second class, with higher end-of-transformation tempera- 
tures, which are therefore amenable to welding by the 
ordinary rutile electrode. The 0:5% Mo boron steel is 
a case in point. It will be most useful if his subsequent 
work enables steels to be subdivided into these two 
categories. 


CORRESPONDENCE 


Mr. R. J. Brown (Morris Motors Ltd.) wrote: Dr. 
Steven and Mr. Mayer have fairly presented the data 
which have accumulated from their painstaking work. 
The method they have employed for simulating the 
oil cooling of bars of up to 6-in. diameter is both interest - 
ing and convenient, and the fact that it is based upon 
experimental work rather than on mathematical con- 
ceptions gives weight to their observations. One minor 
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criticism is that the test pieces employed were machined 
from §-in. dia. hot-rolled bar rather than by drawing 
the material down to test-piece size. The effect of this 
on the hardenability values is referred to, and it will be 
interesting to know whether there is any worthwhile 
difference between the continuous-cooling transformation 
diagram based on data from test pieces drawn to size 
and from test pieces machined to size from stock of larger 
diameter. The type of diagram which the authors have 
put forward is a considerable advance upon the accepted 
isothermal transformation diagram so far as the works 
metallurgist responsible for heat-treatment of engineering 
components is concerned. 

Their observation that appreciable differences can 
exist between the transformation characteristics of 
different casts of the same type of steel is certainly an 
understatement if by a type is merely meant a specifica- 
tion. In this particular instance they refer to a really 
deep-hardening steel (En 26), but with the shallow- 
hardening steels such as En 12 these transformation 
differences can be even more troublesome. As we live 
in a competitive age, in which it is necessary to make 
the best economic use of materials at our disposal, 
attention in recent years has been focused on the need 
for the employment of alloys to the best advantage, and 
continuous-cooling transformation diagrams are a means 
whereby the possibilities of alternative steels can be 
better appreciated by the steel user. 

There is an escape clause in B.S. 970, to the effect 
that specified chemical compositions are cast analyses 
only, with no accompanying statement of the degree 
of heterogeneity which is permissible. The samples of 
En 26 used by the authors vary by only 0-:04% in 
carbon, and this, they suggest, is the cause of the 
appreciable differences which they observe in the 
transformation characteristics. For this particular steel 
the specification permits a variation in carbon of 0:08%, 
to which must be added the unspecified limits for 
heterogeneity which the user of the steel has at times 
to tolerate. 

The preparation of further continuous-cooling trans- 
formation diagrams would be greatly appreciated by 
steel users, provided that the diagrams relate to steels 
on the limits of the hardenability band for material of 
specified composition, with further extensions covering 
steels falling within the wider limits of heterogeneity 
normal to the steel. 


AUTHORS’ REPLIES 


Dr. C. L. M. Cottrell wrote: In reply to Dr. Pumphrey’s 
question on the metallographic examination of micro- 
sections from the dilatation test pieces, a full examination 
of all specimens was not made. It is not considered that 
the temperature of 290° C. for end of transformation is 
associated with the presence or absence of any specific 
transformation product but rather that there is a general 
change to the martensitic type as the end-of-transforma- 
tion temperature is lowered. It should also be noted® 
that when the same steels are welded with low-hydrogen 
electrodes the critical end-of-transformation temperature 
is lowered to 245° C. which means more of the martensitic 
product can be tolerated with freedom from cold heat- 
affected zone cracking. 

With regard to the question of retained austenite it 
is almost certain that more than 1% of austenite was 
retained on quenching and that after the transformation 
at room temperature was finished some austenite 
remained untransformed and to some extent stabilized. 

The final hydrogen content of 1-7 c.c. per 100 g. of 
metal observed after thermal treatment of the dilatation 
specimens is certainly lower than that observed in weld 
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metal. However, the test was not meant to imitate 
weld metal deposited. The initial level of 12 e.c. of 
hydrogen per 100 g. of steel was taken to represent the 
possible peak value in the heat-affected zone. It is very 
likely that the peak value in the weld metal rises to as 
much as 25-30 c.c. per 100 g., which is quite different. 
It must also be remembered that the rate of loss of 
hydrogen from the thin dilatation specimen as_ it 
approached room temperature would be much higher 
than in a markedly more massive weld. 

In reply to Dr. Miodownik it is contended that the 
transformation observed was martensitic and the M, 
temperature did become lower with increasing cooling 
rate. This is supported by the observation that trans- 
formation as a whole was lowered, as shown in Fig. D. 
If the initial part of the transformation at the lower 
cooling rates were bainitic this would be shown by an 
increased separation between the M,, 10%, and 50% 
martensite temperatures. 

Mr. Gill said that he hoped the work would be con- 
tinued with dilatation tests on other steels. This question 
has been covered by Dr. Winterton who said that 
B.W.R.A. hoped to continue the work with the aim of 
producing an atlas of C.C. transformation diagrams. 


Dr. W. Steven and Mr. G. Mayer wrote: We are 
grateful for the comments and suggestions made in the 
course of the discussion. 

The results of our calculations do not provide any 
support for Dr. Pumphrey’s suggestion that transforma- 
tions occurring during continuous cooling can be forecast 
with greater reliability from isothermal transformation 
diagrams in which the pearlite and bainite formation 
ranges are distinctly separate. We would, however, 
agree that the relationship between the two types of 
transformation deserves detailed study. 

Mr. Allsop’s comments are greatly appreciated. As 
he has suggested, impact properties could be determined 
from some of the larger air-cooled bars used to determine 
the continuous-cooling diagrams. The authors have not 
yet done this, however, since it was considered desirable 
at this stage to limit the work to the determination and 
presentation of the continuous-cooling transformation 
characteristics. Detailed studies of the mechanical 
properties of the various structures developed in the 
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air-cooled bars represent an obviously useful field of 
investigation for the future. 

It is interesting to learn that Dr. Miodownik has found 
the Schei] hypothesis to apply satisfactorily to certain 
non-ferrous alloys, and it is hoped that his results will 
be published in detail. We find it difficult to accept, 
however, the reasons he suggests for the discrepancies 
observed when we applied the hypothesis to steels. The 
cooling rates used in our calculations were those of air- 
cooled bars and were, therefore, those of the samples 
studied. Furthermore, Jones and Pumphrey’s method 
of forecasting transformations takes account of the non- 
linearity of the time/transformation curves. In our view 
the discrepancies between theory and experimental 
observations are due to our inability to take account of 
those changes occurring during the incubation period. 
Since three types of transformation occur in steel, these 
changes must be very complex. 

Monsieur Constant refers to the difficulty of deriving 
information from a continuous-cooling transformation 
diagram if the sample under consideration is not cylin- 
drical. In such cases it is, in our view, sufficient to 
assume that the centre of the part under consideration 
will follow the same cooling curve and transform in the 
same manner as the cylindrical bar having the same 
surface-to-volume ratio.!° Strictly speaking the diagrams 
apply to only one particular oil quench but in practice 
this can be ignored since the effects of varying the 
efficiency of the oil quench will be negligible compared 
with the effects of the differences between the composi- 
tions of various casts of nominally the same type of steel. 

We have frequently encountered dilatation curves 
showing split transformations and these were treated in 
exactly the same manner as those discussed in the text. 
As indicated by Monsieur Constant austenite may be 
retained in certain samples at room temperature, particu- 
larly if the carbon content is high. We have adopted 
the practice of determining the austenite contents of the 
air-cooled samples by an X-ray method and make an 


allowance for the amount present when interpreting the 
dilatation curve. None of the samples used to determine 
the diagrams in the paper under discussion contained 
austenite at room temperature. 

Mr. Brown’s remarks are much appreciated. The test 
specimens used to determine the diagrams were machined 
from 1} in., $ in., and # in. dia. bars. These sizes were 
experimentally convenient and ensured that the test 
specimens contained material from most radial positions 
and were, therefore, representative of the cross-section. 
If the specimens had been machined from larger bars a 
slightly different diagram would, perhaps, have been 
obtained but the differences would not be expected to 
be of much practical significance. It is hoped, however, 
that some other investigators or ourselves will have the 
opportunity of making a detailed exploration of the 
variation of continuous-cooling transformation charac- 
teristics within the product of a single cast of steel. 
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LETTER TO THE EDITOR 


Automatic Handling of Numerical Data 


A method of automatically handling large quantities 
of numerical data has recently been developed in these 
laboratories. This technique may have considerable 
application in the steel industry. 

Specially adapted commercial teleprinter perforators 
are used for recording the information; the technique 
has much in common with the punched-card systems 
widely used in accountancy and statistics, but the 
teleprinter tape has the advantages that it provides a 
continuous record and that the equipment is much more 
compact. The information recorded on the tape can 
afterwards be analysed either by a simple relay computer 
or by one of the large electronic computers. Existing 
punched-card installations can also be used for the 
analysis in certain cases. 

The applications fall into two distinct categories, 
termed ‘ operational recording ’ and ‘ instrument record- 
ing,’ which require different techniques. In studying 
operational problems, chosen operations are simul- 
taneously recorded with respect to an independent 
variable (normally time or distance). Instrument record- 
ing is analogous to continuous chart recording; numerical 
values of the variables are recorded against an inde- 
pendent variable. 
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The adapted perforator (now available as a standard 
item of equipment at moderate cost) is arranged to 
receive from the equipment under test electrical impulses 
representing numerical data or sequences of operations 
and to punch holes in the tape accordingly. 

The teleprinter technique has already been successfully 
applied to the analysis of the operation of rolling mills 
and electric overhead travelling cranes. Methods for 
recording the operation of open-hearth furnaces have 
also been devised. There are many other operational 
problems in the iron and steel industry to which the 
teleprinter technique could profitably be applied. It is 
hoped that when methods of converting instrument 
readings have been perfected, the technique may replace 
continuous charts for many routine records. 

The equipment is fully described and examples of its 
application are given in a recent paper.! 


D. F. NETTELL 


Plant Engineering Division, 

British Iron and Steel Research Association, 

140 Battersea Park Road, 

London, S.W.11 25th January, 1955 


1. D. F. NETTELL: Instrument Practice, 1954, vol, 8, pp. 975-980, 1078-1082 
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The Gas-Turbo-Driven Blower for 


Blast-Furnace Service 


By C. E. Sayer, B.Sc., A.M.1.C.E., A.M.LE.E. 





INCE the war much 
S thought has been de- 
voted to the applica- 
tion of the gas turbine to 
the driving of blast-fur- 
nace blowers and, con- 
sidering the amount that 
has been said and written 
on the subject, it is 
surprising that so little 


SYNOPSIS 


The case for the application of the gas turbine to the driving of 
blast-furnace blowers and the loading conditions for a single-line 
variable-speed gas-turbo-blower set are re-examined. The inclusion 
of integral blast heating with such a plant and its effects on the 
turbine cycle and the overall efliciency of blowing and blast heating 
are presented afresh with a method of graphical representation and 
a plea for separation of combustion air compressor and blower, 
instead of any form of ‘tapped’ cycle. The suggested cycle and 
basic controls are described and illustrated and the paper concludes 
with sections dealing particularly with overall thermal efficiency, 
including Sankey diagrams for conventional steam plant with 
Cowper stoves and gas-turbine plant with and without integral 


it is now normally de- 
livered from the gas- 
cleaning plant. Indeed, 
the availability of such a 
fuel is one of the main 
considerations favouring 
the installation of gas-tur- 
bine plant in steelworks. 

Provision for burning 
an alternative fuel to pro- 
vide for failures of blast- 





progress and _ develop- 
ment has taken place in 
applying the project in 
concrete form. 

So far as the author is aware, there are only two 
gas-turbine plants in operation in steelworks at the 
present time, both in Europe. One, in the Grand 
Duchy of Luxembourg, is primarily an electrical 
generating set but provides for the supply of blast air 
at some sacrifice of electrical output by tapping the 
delivery of the main compressor. 

The other (in Spain) is a relatively small blower 
set supplying air to a Bessemer converter. This 
plant, which has been in regular operation for two 
years, is the only application of variable-speed 
operation, now the universal practice with steam- 
turbine-driven blowers. A much larger gas-turbine- 
driven set is at present being made in Switzerland 
for another Continental steelworks, but here again 
the supplying of blast-air is found in combination 
with electrical generation and constant-speed opera- 
tion. 

FUELS 


The obvious and ideal fuel for any gas-turbo- 
blower is blast-furnace gas in the clean condition as 
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blast heating, and finally with partial-load operating conditions. 


109g furnace gas supply will 
generally be necessary. 
In most cases, oil will be 
the most likely alternative and the principle of such 
dual firing, with a rapid changeover to oil fuel from 
blast-furnace gas in one combustion chamber, has 
been applied on the Spanish plant. 

An important point arising here is the kind of fuel 
oil required by the gas turbine. The use of oil fuel 
of the ‘heavy’ or ‘ Bunker C’ variety for firing 
furnaces is almost universal in steelworks today and 
it would be troublesome to have to provide supplies 
and storage for two different kinds of oil. However, 
it is now claimed by experienced makers of gas- 
turbine plant that, provided that the turbine inlet 
temperature is not raised above 650°C. (or about 
1200° F.), heavy fuel oil can be employed without 
fear of trouble. 

Coke-oven gas, another possible stand-by fuel in 
steelworks, has not, so far as is known, yet been 
tried. There is with some a feeling that this gas 





Manuscript received 21st January, 1955. 
Mr. Sayer is a Technical Director of McLellan and 
Partners. 


359 JOURNAL OF THE IRON AND STEEL INSTITUTE 





360 SAYER: GAS-TURBO-BLOWER FOR BLAST-FURNACE SERVICE 


contains constituents unfavourable for gas-turbine use. 
The reason for this is not very clear, however, if the 
analyses of a normal coke-oven gas and of the natural 
gases now widely used for gas-turbine plant are 
compared. 


THE CASE FOR THE GAS-TURBO-BLOWER 


The results obtained with the Continental plants 
already mentioned have shown that, so long as the 
turbine inlet temperature is not pushed too high, a 
gas turbine using blast-furnace gas is a fully reliable 
unit; the need to change over, either partially or 
entirely, to oil firing on occasions should not affect 
its reliability to any serious extent. 

It can, in one respect, claim an advantage in 
reliability over the steam plant in that its operation 
is not dependent on so many auxiliaries or on the 
maintenance of a considerable water supply. 

As a straight prime mover for driving a blast- 
furnace blower the gas turbine is likely to have an 
advantage in higher thermal efficiency over steam 
plant. It will also probably offer some savings in 
cost and ground space if compared with complete 
steam plant, including boilers and the generally costly 
condensing water supply, but the extent of these 
savings will depend on the particular case. 

So long as advantage in thermal efficiency as a 
prime mover alone is allowed to remain the principal 
argument in favour of the gas turbine, the case has 
not up to now been very strong, as no great difference 
between the thermal efficiency of a modern steam 
plant and of a reasonably simple gas-turbine unit has 
existed. The gradual increase of admissible gas- 
turbine temperatures consistent with reliability, 
resulting from recent advances in metallurgy, is now, 
however, tending to give the gas turbine a lead in 
thermal efficiency. 

Whatever this difference in thermal efficiency may 
be, another most important opportunity is open to 
the gas-turbo-blower because of the large quantity 
of heat needed to raise the temperature of the blast 
air and the scope thereby offered for extracting this 
heat from the gas-turbine cycle. 

The basic gain in overall thermal efficiency in this 
way attainable can roughly be regarded as the saving 
of the losses of the Cowper stoves, but another 
economy with the combined blower-drive and blast- 
heating scheme is effected by heating the blast air 
rather than the combustion air in the exhaust heat 
exchanger of the gas turbine. The blast air at a 
normal blast-furnace pressure being at a considerably 
lower temperature than the combustion air after 
compression (assuming an efficient gas-turbine pres- 
sure ratio), this enables a lower exit temperature to 
be reached with consequently reduced ‘ chimney’ loss. 

The combined gas-turbine blowing and _ blast- 
heating scheme has been the subject of much thought 
but so far no attempt has been made to put it into 
practice. One reason may be that to secure the full 
saving it is necessary to heat the blast air wholly 
by heat extraction from the gas-turbine cycle. Half- 
measures involving partial heating of blast air from 
this source, in conjunction with the retention of a 
proportion of the normal stove capacity, reduce the 
saving to a point at which it is much less attractive. 
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Blast-furnace managers naturally hesitate to discard 
their stoves in favour of some new and untried 
method of achieving the same result. 

A second factor is that full heating of the blast 
without stoves necessitates the inclusion in the gas- 
turbine cycle of a heat exchanger to work at tem- 
peratures in excess of the maximum blast temperature 
called for, which is itself continually tending to rise. 
Nevertheless, in the author’s opinion the develop- 
ment of high-temperature heat exchangers has now 
reached a point at which this no longer represents 
any real difficulty and the time has come for con- 
servatism, as represented by Cowper stoves, to give 
way to new ideas. 

Another reason for the gas-turbo-blower and blast- 
heating combination being still in the discussion 
stage is the view that it must wait until a straight 
gas-turbo-blower has been installed and tried out. 
In the light of the experience already gained in run- 
ning blast-furnace gas-fired gas-turbine plant, the 
time for regarding such plant as experimental seems 
to be past; the experimental approach could well be 
made to attain the economy inherent in the combined 
scheme. 

Certainly the application to the gas turbine of 
variable-speed operation, which is now universal in 
the U.K. for blast-furnace blowers, is in no sense 
experimental as it is inherent in all direct drives for 
traction and marine service. 


The Gas-Turbine Cycle 

The idea of making the combustion-air compressor, 
which is an essential component of gas-turbine plant, 
perform a dual function by also furnishing the blast 
air has always exerted an irresistible attraction, such 
an arrangement becoming known as a ‘ tapped cycle.’ 
In the form originally advocated the compressor was 
literally tapped or ‘ bled’ at a stage appropriate to 
the blast pressure desired, so that it was divided into 
two sections: a low-pressure one handling combus- 
tion air and blast air and a high-pressure one handling 
only the combustion air. 

More recently a modified scheme has been advanced 
in both the U.K. and the U.S.A. in which the com- 
pressor is not itself bled but the blast air is drawn 
from its delivery end and therefore at the upper 
pressure of the gas-turbine cycle. 

The advantage claimed for these arrangements is 
that by combining the combustion-air and blast-air 
flows in a single compressor its surge line is pushed 
back in relation to the blast-air flow and a wider range 
of furnace operation so obtained. 

However, the graphs produced to illustrate this 
effect show that the extension of working range is 
mainly in the region of low blast volume and high 
blast pressure, and is therefore outside the normal 
zone of furnace operation. On the other hand, the 
tapped cycle possesses the following marked dis- 
advantages: 

(i) It imposes on the gas-turbine cycle an extraneous 
pressure subject to variations arising from furnace 
conditions having no direct relation to the require- 
ments of the cycle. It thus lowers efficiency by 
increasing dependence on change of turbine inlet tem- 
perature as a governing factor on change of load. 

(ii) With the bled compressor the advantage claimed 
in respect of surge-line position in relation to blast 
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flow only extends to the low-pressure section of the 
cempressor; the high-pressure section has still to 
handle the combustion air only. 

(iii) The tapping of the cycle at the air-compressor 
delivery involves either (a) the use of an uneconomic- 
ally low pressure ratio for the gas turbine in relation 
to the inlet temperatures now possible, or (b) the over- 
compression to gas-turbine pressure of all the blast 
air, which does not differ much in quantity from the 
combustion air itself. 


In recently formulated proposals drawback iii(5) is 
accepted and met by the inclusion of an air turbine 
coupled to the compressor to recover the energy 
consumed in unnecessary compression. 

In the author’s opinion the better plan, which 
should commend itself to blast-furnace operators, is 
to discard the ‘tapping’ principle altogether and 
employ a separate blower for the blast-air supply, 
leaving both compressor and blower free to perform 
their respective functions to the best advantage. 

With this arrangement, the turbine is left free to 
find its own upper pressure level, so keeping the fall 
of efficiency at partial loads to the minimum. 


Arrangement of Plant 


Despite the gain in efficiency to be derived from 
splitting up the air compression and gas expansion 
in a gas-turbine cycle into two or more stages and 
the division of the plant into two or more ‘lines,’ 
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Fig. 1—Typical centrifugal blower: constant pressure 
characteristics related to speed and volume 
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the prime considerations for steelworks—and particu- 
larly a blast-furnace blower plant—are simplicity and 
economy of space. 

Space is of special importance for a combined 
blowing and blast-heating plant because of the need 
for keeping the hot-blast main from the gas-turbine 
plant as short as possible and therefore placing the 
blower house near the furnace, where space is generally 
congested. 

For these reasons the present study of the project 
is confined to the single-line assembly comprising the 
turbine, compressors (air and gas), blower, and 
starting unit. 

The whole line would run at variable speed as 
dictated by the blower in meeting the furnace con- 
ditions and would be equipped with normal automatic 
speed and constant volume governing. 


Operating Conditions of Turbine, Air Compressor, 
and Blower Combination 

With the single-line combination described, the 
combustion air compressor has imposed on it (a) a 
speed required by the blower to meet the varying 
furnace conditions, and (b) the delivery pressure 
required by the turbine to sustain the load of the 
blower under these conditions. To enable the opera- 
tion to be studied it is convenient to draw charac- 
teristic curves for the blower in a somewhat unortho- 
dox form, 7.e., on a speed base with vertical ordinates 
of shaft horsepower and blast-air quantity. 

Figure 1 shows characteristic curves plotted in this 
way for a typical centrifugal blower designed for a 
maximum output of 55,000 cu. ft./min. at 18 lb./sq. in. 
gauge. In this graph the series of lines rising from 
left to right and converging towards the right are 
constant delivery-pressure lines; the surge line is at 
the bottom end of the constant pressure lines and 
the surging region is below this line instead of to the 
left of it as in the conventional diagram. The two 
lines curving in the opposite direction to the constant 
pressure lines show the maximum and minimum 
power taken by the blower at any given speed with 
changing volume and pressure over the normal range 
of blast-furnace operation. The lines of maximum 
and minimum power at any given speed are impor- 
tant, as they represent the limits of output variation 
which the gas turbine will be required to sustain 
without change of speed. 

Figure 2 is an exactly similar diagram for an axial 
blower with a moderately flat characteristic for blast- 
furnace service and of the same capacity as the 
blower represented in Fig. 1. The main difference 
between the diagrams for the two types of blower 
is that the limits of power variation at any given 
speed are wider with the centrifugal than with the 
axial blower. 

It is, however, of great importance to know that 
the shape of these power lines plotted on a speed 
base differs very little for the two types of machine, 
so that separate investigation of the gas-turbine 
and compressor behaviour when driving the respec- 
tive types becomes unnecessary and it is immaterial, 
so far as the gas turbine is concerned, whether the 
centrifugal or axial type is preferred for any particular 
installation. 
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To apply the information gleaned from Figs. 1 
and 2 in determining the behaviour of the combustion- 
air compressor, a set of characteristic curves for this 
unit, also comprising lines of constant delivery 
pressure plotted on a speed base with ordinates of 
mass flow, is needed, and curves of this form plotted 
for a typical high-efficiency axial compressor appear 
in Fig. 3. 

In this case scales and constant-pressure lines are 
for fractional values of the design conditions and, as 
in Figs. 1 and 2, the surge region of the air com- 
pressor is below the surge line. For a compressor 
of this type, however, the constant-pressure lines 
converge almost to a single point on the maximum- 
speed ordinate. 


At first sight this diagram may seem puzzling, but 
it becomes clear when it is remembered that with a 
steep-characteristic axial compressor the constant- 
speed lines on the conventional diagram become 
almost, if not quite, vertical as volume is increased 
and so no increase of volume is obtained at partial 
pressure. 


In Fig. 3 points on the constant-pressure lines 
show the calculated operating line of the turbine at 
constant inlet temperature. This operating line is 
based on the upper of the two shaft horsepower lines 
in Figs. 1 and 2, which is re-plotted in Fig. 3 on a 
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‘fraction-of-design’ basis to correspond with the 
compressor curves. The turbine operating line, 
although convergent to the compressor surge line, is 
clear of it throughout the normal operating region. 
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Fig.. 3—Typical axial compressor: constant pressure 
characteristics related to speed and mass flow 
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Fig. 4—Gas-turbo-blower for blast-furnace service: variation of heat consumption and operating condition 
with varying degree of combined blast heating 


The speed and pressure imposed on the air com- 
pressor together determine the quantity of air it 
delivers. This, at partial load, will be in excess of 
that corresponding to the degree of dilution (7.e., 
excess air factor) required for constant turbine-inlet 
temperature. 


Combination of Blowing and Blast Heating 


Hitherto consideration has been confined to a 
straight gas-turbine-driven blower without the inclu- 
sion of blast heating, 7.e., to work in conjunction 
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with conventional Cowper stoves and with an exhaust 
heat exchanger to return heat recovered from the 
turbine exhaust via the combustion air to the com- 
bustion chamber. Attention is now turned to the 
inclusion of blast heating as an integral part of the 
gas-turbine cycle by which means alone can the 
maximum overall thermal efficiency be secured. 

A graphic representation of the conditions to be 
satisfied in this problem had long been needed, having 
regard to the interrelation of blower ioad, blast 
quantity (and consequently the heat required to 
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Fig. 5—Gas-turbo-blower for blast-furnace service : 


conditions for 1000° F. blast temperature, showing 


effect of partial use of stoves to supplement heat from gas-turbine cycle 


raise it to a given temperature), and the combustion 
of gas required by a gas turbine in sustaining the 
blower load. To meet this need the author devised 
a diagram of the form shown in Fig. 4 which he found 
to be extremely helpful and has included for the 
assistance of others interested in this problem. 

The diagram uses as a basis a therm (100,000 
B.Th.U. of heat) contained in the gas make of the 
blast-furnace, or roughly that in 1000 cu. ft. of gas, 
a net calorific value of 98 B.Th.U./cu. ft. having been 
assumed. The horizontal scale is the percentage 
excess or dilution required by the gas turbine to 
maintain the particular turbine-inlet temperature for 
which the diagram is calculated, in this case 650° C. 
(1202° F.). It is also based on a constant (b.h.p.-hr.) 
power consumption for blowing derived from the 
generally accepted figures for gas ‘make’ and blast 
required per ton of coke consumed. The vertical 
scales are of heat (B.Th.U.), b.h.p.-hr., and gas 
consumption as a _ percentage of the furnace 
‘make.’ 

This diagram is founded on the two _ inclined 
straight lines. That marked A represents the heat 
to be extracted from or added to the gas-turbine 
combustion chamber (per therm of initial heat supply) 
to maintain the basic turbine-inlet temperature with 
the varying excess-air quantity on the horizontal 
scale. Line B shows the b.h.p.-hr. obtainable from 
the gas turbine (again per therm of heat supplied to 
it) at a pressure ratio of 5-25 and at the various 
combinations of heat extraction or addition and 
dilution factor. 

By taking line B in conjunction with the constant 
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figure of b.h.p.-hr. power consumption of the blower 
for normal blowing (in this instance based on a 
delivery pressure of 17 lb./sq. in. gauge), line C, 
giving ‘ percentage of gas make used for blowing,’ 
is obtained, and thence line D giving the actual 
amount of heat to be extracted from or returned to 
the gas-turbine cycle. The series of horizontal lines 
show the heat required to heat the blast air to what- 
ever temperature is required. 

For the inlet temperature of 1202° F. the cycle is 
heat-balanced at 650°% excess air, 7.e., with 74 times 
the net air required for combustion. The vertical 
intercepts above the portion of line D to the right 
of this point represent heat recovery from the turbine 
exhaust to the combustion air with decreasing final 
exit temperature, of which the practical limit has 
been taken as 520° F. with a turbine exhaust tem- 
perature of just under 700° F. 

One further line remains to be explained—that 
marked H. The vertical intercept between lines D 
and £ represents the heat recovery from the turbine 
exhaust at a final exit temperature of about 365° F., 
which is taken as the practical limit when heating 
blast air, as compared with 520° F. when heating 
combustion air after compression (with resulting 
gain in efficiency). 

The intercept DE, which by calculation can be 
shown to remain constant in magnitude, is for con- 
venience carried across from the right- to the left- 
hand side of the heat-balance point so that it can be 
directly added to the intercept below line D repre- 
senting the heat available for extraction from the 
high-temperature end of the gas-turbine cycle. 
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The intersection of line HZ 
with the appropriate horizontal 
line for the desired blast tem- 
perature gives the necessary 
operating conditions for that 
temperature. At 1000° F., for 
example, there would be about 
340% excess air; about 23% 
of the gas ‘make’ would be 
used for combined blowing and K, 


BLAST 


TEMPERATURE CONTROL | 


Se) Serre erree TO 
BLAST - FURNACE 





\ 
| 
blast heating and the heat for . 
the latter would be supplied 
in the proportions of about RATIO Cc} 
43-5% and 56-5% from the 
exhaust and inlet ends of the 
turbine cycle, respectively. 
Two other important points 69.65 | 79 
emerge from this diagram; 
firstly, that although the excess 
air on straight power working 
(with recuperation to 520° F. 
final exit temperature) is nearly 
900% and with blast heating | 
to 1000° F. is only 340%, the BF 
gas required increases from 
about 12% to 23% of the make 
(nearly double) and the quan- 
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tity of combustion air required S5Q°F 
does not in consequence under- 
go much change, being only a 
little less with blast heating — xey to symbols 
than without. M_ Starting motor 

The other point which this f° jascompressor 
diagram shows is that the tur- A Alt compressor 
bine mass flow is substantially 
the same for the same blowing 
load with or without blast 
heating and, in the former 
case, whatever the degree of 
blast heating. The greater 
gas compression load due to 
the greater fuel consumption 
with blast heating is approx- 
imately offset by the smaller combustion-air com- 
pression load. 


Effect of Supplementary Use of Stoves 


Brief reference has been made to the sacrifice of 
advantage resulting from limitation of the extent of 
blast heating derived from the gas-turbine cycle 
and the supplementary use of stoves to attain the 
full blast temperature required. This effect can be 
seen in Fig. 5, which is of generally similar form 
to Fig. 4 but with inessentials omitted and based, 
as an example, on a final blast temperature of 
1000° F. 

The ‘operating point’ indicated on line E in 
Fig. 5 is that for full blast heating to this temperature 
from the gas-turbine cycle, and the area above line 
C to the right of this point with leftward-inclined 
hatching represents the heat to be added by the 
supplementary use of stoves with partial heating 
only from the gas turbine. With 100% efficient 
stoves the upper limit of this lowest hatched area is 
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Linked air distribution 


CC1, CC2 Combustion chambers ADV 
valves (hand-set) 


HTHE sas eae heat ex- COV Linked changeover valves 
HE E " : (if desired) 
EHE Exhaust heat exchanger SOV Shut-off’ valve (if desired) 
3G Speed governor Control impulses : 

NOTES 


1. Broken lines indicate additions needed for combined blast heating. 

2. Approx. temperatures and mass flows (in Ib./sec.) given for blast 
temperature of 1000° F. and blower load of 4000 b.h.p. (axial blower at 
53,500 cu. ft./min., 17 lb./sq. in. gauge) with 1202° F. (650° C.) turbine inlet 
temperature and 5-25 pressure ratio. Figures underlined are for operation 
with blast heating, others for operation without blast heating. 


3. 1 1lb./sec. = 750 cu. ft./min. or 45,000 cu. ft./hr. (N.T.P.). 


Fig. 6—Diagrammatic arrangement of blast-furnace gas-turbo-blower plant 
for blast-furnace blowing and blast heating 


horizontal, ¢.e., no increase in total heat would be 
required as compared with that at the ‘ operating 
point.’ 

The stove losses at 80%, efficiency are shown by 
the area with rightward-inclined hatching and the 
approximate increase in these losses due to the pre- 
heating of the blast from the gas-turbine cycle is 
shown by the vertically hatched area. For com- 
parison, a broken line above the latter area shows 
the total consumption for blowing and blast heating 
with a ‘ straight ’ blower drive and full use of stoves. 
From Fig. 5 the following points emerge : 

(i) Because of the unavoidable stove losses the 

‘ operating point’ for full blast heating from the gas- 

turbine cycle gives the most economical working 

(ii) The saving, represented in percentage of total 
gas make by the vertical distance between the 
vertically hatched area and the broken line above it. 
with heating of the blast only from the exhaust of 
the turbine (650% excess air), is less than half that 
at the ‘ operating point ’ 

(iii) No further saving would result from compli- 
cating the plant by a combination of two exhaust 
heat exchangers in series, one for combustion air and 
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the second for blast air, represented by the portion 
of the diagram to the right of the 650% excess-air 
point. ; 


Practical Application 


Having examined the conditions to be met by a 
single-line gas-turbo-blower set and how these are 
affected by the inclusion in its functions of the entire 
heating of the blast, a clearer picture emerges of how 
best to cater for these conditions in a practical form. 

Among the conclusions so far reached are that at all 
normal blast temperatures much more heat than that 
available from the turbine exhaust is needed to heat 
the blast, and that the only item undergoing consider- 
able change in magnitude upon the inclusion of blast 
heating is the fuel, the effect of which is confined to 
the smallest component, the gas compressor. 

From the first of these conclusions it follows that, 
as the combustion air is heated in its compression up 
to a satisfactory temperature for the burning of the 
fuel, there is no object in transmitting any of the heat 
recovered in the exhaust heat exchanger to the 
combustion air merely to be transferred in the high- 
temperature heat exchange to the blast air. To do 
so would involve double transmission of heat, and it 
is better to transmit heat from the exhaust directly 
to the blast air. 

The second of these conclusions shows that it is 
quite practicable to achieve convertibility, 7.¢., to 
install a plant capable of working with or with- 
out blast heating, provided that compressors of 
sufficient capacity are included. The gas com- 
pressor must in any case be provided with a bypass 
as the basic method of governing of the plant, and 
this can serve to cut down the gas fed to the 
plant to the requisite figure when changing over to 
non-blast heating. 

Provision for power recuperation from the excess 
gas in the gas compressor is advocated because, 
although this unit is small in relation to the air 
compressor, it will take about 2500 h.p., the gross 
output of the gas turbine to drive a blower of the 
capacity under consideration being almost 20,000 h.p. 
The recuperation stages will also serve as an efficient 
means of cooling the excess gas compressed. 

The arrangement of the plant and the cycle it is 
to use is as shown diagrammatically in Fig. 6. The 
parts shown in heavy broken lines are those needed 
for the blast-heating combination. Valves are 
indicated in the air and gas ducts at the appropriate 
points if it is desired to provide for changing over 
from non-blast-heating to blast-heating operation and 
vice versa. 

An important point to be noted in regard to the 
convertibility feature is that, the changes of flow 
and temperature affecting the exhaust heat ex- 
changer are such that it should be quite practicable 
to design this component to work efficiently under 
both sets of conditions. 

The feature of convertibility would only be of 
service at a site where stoves already exist and could 
be brought into service should it be necessary to shut 
off the blast-heating components of the gas-turbine 
plant. For an initial installation, however, in which 
the high-temperature heat exchanger would be to 
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some extent on trial, this feature would be of great 
value. 

Main and reheat combustion chambers are included, 
the latter on the exit side of the high-temperature 
heat exchanger; the great advantage of this arrange- 
ment is that it lowers the temperature which this 
exchanger has to meet. It also forms a convenient 
means of controlling the blast temperature by 
adjusting the proportion of fuel fed to the two 
chambers, as an alternative to partial bypassing of 
the high-temperature exchanger (corresponding to 
the method at present used with stoves) which would 
still further increase the temperature imposed on 
the heat exchanger. 

This blast-temperature control will be seen in the 
form of a ratio regulator impulsed from the hot-blast 
delivery with a secondary impulse to the governing 
bypass valve of the gas compressor, so that change 
in the blast-temperature setting will bring about an 
immediate variation of the total fuel supply without 
waiting for a secondary impulse from the speed 
governor due to resultant change in the gas turbine 
output. 

No automatic control of the respective combustion- 
air quantities delivered to the two combustion 
chambers is thought necessary. The whole of the 
air could probably be supplied to the main chamber, 
but hand-operated valves in the air ducts are 
indicated to provide means of adjustment if found 
necessary to give the best combustion. 

Apart from the blast-temperature control, Fig. 6 
also shows the constant blast volume and speed 
governing acting upon the gas compressor bypass. 
For the sake of simplicity, several safety measures 
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Fig. 7—Sankey diagram for typical conventional steam 
turbo-blower and blast heating by stoves 
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are omitted from the diagram as, for instance, the 
anti-surging devices of the blower and compressors. 

Figure 6 indicates approximate mass flows and 
temperatures at the various points in the cycle when 
under both straight power and blast-heating opera- 
tion. These figures are based on a blower delivery of 
53,500 cu. ft./min. at 17 lb./sq. in. gauge (about 
4000 b.h.p.) from an axial machine of which the 
characteristics appear in Fig. 2. They apply respec- 
tively to design conditions with and without blast 
heating ; for a convertible plant it might be worth 
adding a bypass valve and recuperating stages to the 
combustion-air compressor to enable the air supply to 
be adjusted to the lower quantity required when on 
blast heating without much loss of efficiency. 

Figure 6 is purely diagrammatic, the arrangements 
of components being more for diagram convenience 
than indicating the order in which the rotating com- 
ponents would best be arranged in an actual plant. 


EFFICIENCY 


For the determination of thermal efficiency in 
relation to gas-turbo-blower plant, it is convenient 
to consider as a starting point the net heat require- 
ment for blowing and blast heating under normal 
furnace operation. 

Under the conditions of blowing pressure and blast 
temperature used as a basis in this paper (17 lb./sq. in. 
gauge and 1000° F.) this heat requirement has been 
calculated at 16,600 B.Th.U./therm of heat in the gas 
make of the furnace, the unit already used in the 
construction of Figs. 4 and 5. 
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The 16,600 B.Th.U. is made up of blowing power 
2770 B.Th.U. (1-085 b.h.p.-hr. at 2550 B.Th. ‘U. ) and 
blast heating (from 200° F.) 13,830 B.Th.U. The 
net heat requirement for blowing and blast heating 
thus represents 16-6% of the heat in the gas make. 

Taking a conventional steam blower and stove 
plant with steam-plant thermal efficiency of 19-5% 
and a stove efficiency of 80%, the actual heat con- 
sumption for blowing and blast heating comes to 
31,500 B.Th.U. (or 31-5°% of the heat in the furnace 
gas make), made up of 14,200 for blowing and 17,300 
for blast heating, giving an overall gy efficiency 
for the combined operation of 52-7%. This is, 
however, related to the power ‘eta of the blower 
and when the irrecoverable losses from the blower 
and ducts are allowed for the figure is a little lower, 
at 51-43%. 

A Sankey diagram for these conditions (Fig. 7) 
shows that, of the total heat supplied for eu 
and blast heating, about 55° goes to the stoves and 
45%, to the steam blower plant, 7-48°% out of this 
45% being transferred to the hot compressed blast 
by the blower. 

The ‘ Heat input 100° in Fig. 7 (and also in Figs. 
8 and 9) represents the total heat passer for blowing 
and blast heating and does not refer to the total heat 
in the furnace gas make, as do Figs. 4 and 5. Thus 
in Fig. 7 the ‘ Heat input 100’ represents the 31-5%% 
of the heat in the gas make already mentioned. 

With Fig. 7 should be compared Figs. 8 and 9. 
Figure 8 is for a gas-turbine-driven blower with full 
blast heating by stoves, the gas-turbine thermal 
efficiency being taken at 23-5% and the stove 
efficiency at 80°% as before, and 
Fig. 9 is for a combined gas- 
turbo-blower and blast-heating 
plant without stoves. The frac- 
tions of the heat input taken 
. by the stoves and blower in 
\ \ Fig. 8 are larger than in Fig. 7, 

\ \ although they represent the 

\ \ same actual function, because 

| the actual heat input will be 

i | reduced in inverse proportion 

f to the increase in efficiency: 

| d.e., the number of units of 100 

in the actual heat input will 
| be less. 

The improvement in overall 

Pa efficiency effected by the 

A change to a gas-turbo-blower 


EXHAUST of 23-5% efficiency from steam 
necovery plant of 19-5% efficiency is 
seen from Fig. 8 to be from 
51-43% to 55-6%: t.e., 4-17%. 
By resort to combined blast 
heating, however, a further 
improvement to 71-2% (Fig. 
9) is indicated, rather more 
than half of this 15-6°% rise in 
efficiency being accounted for 





100" 8 in. gauge by the saving of the stove 


losses and the remainder by 
the lower chimney loss of the 


Fig. 8—Sankey diagram for ceadiehinatees, and full blast heating by stoves gas turbine when heating blast 
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air in its exhaust heat exchanger instead of combus- 
tion air. 

The total improvement in thermal efficiency from 
all causes (from 51-43% to 71-2%) represents a 
saving of about 27% in the heat used for blowing 
and blast heating. In terms of heat in the furnace 
gas make it represents a reduction from 31-5% to 
23%, 7.e., a saving of 83%. 

To obtain some idea of what such a saving amounts 
to in money value, the scale of operation used as a 
basis for the figures in Fig. 6, representing normal 
operation of a blast-furnace of about 21-ft. hearth 
diameter, can conveniently be used. Such a furnace 
would have a gas make of almost 4 million cu. ft/hr., 
giving a heat content of, say, 3-8 x 108 B.Th.U. 
at a net calorific value of 98 B.Th.U./cu. ft., of which 
84% saving represents 3-23 x 10’ B.Th.U./hr. 

Assuming that this gas saved is taken up in 
electrical generating plant, the extra output produced 
would approach 2000 kW., representing a saving of 
£40,000-£50,000 a year on the operation of a 21-ft. 
blast-furnace. 


PARTIAL-LOAD OPERATION 


The study of partial-load operation of gas-turbine 
plant is a complex matter, involving simultaneous 
changes in several interdependent variables, for which 
an electronic brain would not come amiss. This 
derives from the fact that, whereas in the steam 
turbine the initial pressure and temperature of the 
working medium are kept substantially constant by 
extraneous means, in the gas turbine both initial 
gas pressure and temperature must find their own 
level with variation of load, governing being achieved 
by variation of fuel supply. 
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Fig. 9—Sankey diagram for gas-turbo-blower with full combined blast heating 
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The interdependent variables which enter into 
these problems are: 
(i) Pressure ratio 
(ii) Gas temperature at turbine inlet 
(iii) Heat drop 
(iv) Turbine exhaust-gas temperature (affecting 
heat recovery from exhaust) 
(v) Dilution (excess air factor) 
(vi) Fuel supply 
(vii) Mass flow 
(viii) Thermal efficiency. 

The principal relations between these variables 
are that mass flow and inlet temperature determine 
pressure ratio; pressure ratio and inlet temperature 
determine heat drop and exhaust temperature; heat 
drop determines mass flow for a given gross output; 
thermal efficiency determines fuel supply for a given 
net output; and fuel supply with dilution factor 
determine mass flow. Figures 10-12 illustrate some 
of these variations. 

To take an extreme case of partial-load working 
it is instructive to refer back to Fig. 3 and examine 
the conditions at 0-6 of maximum design speed, 
which is near the bottom limit of a normal blower 
operating speed range and where the blower load (or 
net output from the gas turbine) is only about one- 
fifth (0-21 from Fig. 3) of maximum. 

At this point the ‘ operating line’ in Fig. 3 gives a 
working pressure ratio of 1-85 (assuming 5-25 at 
maximum load) and an air-compressor delivery 
fraction of 0-49. The shape of the curve of diminish- 
ing power intake with speed is very much the same 
for a centrifugal blower (Fig. 1) and an axial blower 
(Fig. 2). An equal similarity can be assumed between 
the blower and an axial air compressor and, from 
this, that the reduction in gross load on the turbine 
would be in approximately the same proportion as 
that in the net load, namely, 
0-21 at 0-6 of maximum speed. 

If also, for the moment, 
constant thermal efficiency is 
assumed, the fuel supply would 
also be reduced in the same 
proportion to 0-21, but with 
the air delivery at 0-49 the 
mass flow in relation to the 
gross load would be more than 
doubled, which would offset 
the reduction in heat drop due 
to the lower pressure ratio. 

When, however, the resulting 
dilution is considered, it is 
found that the air delivery at 
0-49 in relation to a fuel 
supply at 0-21 represents excess 
air of over 2200%, far in excess 
of the figure for constant inlet 
temperature at 1-85 pressure 
ratio from curve B in Fig. 11, 
which is about 1300%. 

There would thus be a defici- 
ency of mass flow due to the 
lowered inlet temperature and 
consequently further reduced 
heat drop, and this deficiency 
would have to be made up by 
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increased fuel consumption (or, in other words, a fall 
in thermal efficiency) until a balance of mass flow and 
heat drop against gross load is reached. In the case 
considered this balance would be reached with a fuel 
consumption at about 0-263 when the excess air 
would be approximately 1800%, the inlet temperature 
1100° F., and the thermal efficiency 19%. 

The increase in mass flow obtained by the higher 
fuel consumption would, other things being equal, 
increase the pressure ratio (i.e., moving vertically 
down the 0-6 speed line in Fig. 3) and assist in 
restoring the heat drop, but it is clear that any marked 
increase in pressure ratio, the speed being fixed, would 
tend to bring the working point near the compressor 
surge line. 

Bowden et al.,* in reference to the single-line 
variable-speed gas-turbo-blower, state that: 

“This arrangement, however, is unsuitable for 
driving a blast-furnace blower directly, because of 
the inherently-limited speed range of a gas turbine 
employing an axial compressor. Due to convergence 
of the turbine operating line with the main compressor 
surge line it is impossible to run the machine very 
much below 70% of the normal speed without bleeding 
the main compressor.” 

Since 70% of design speed is low enough to cover 
all normal blowing requirements, this drawback, had 
it to be faced, should not be regarded as justification 
for rejecting out of hand an arrangement offering in 
other respects considerable advantage. However, 
the present author’s calculations, if correct, show that 
the operating line, as indicated by the points on 
Fig. 3, keeps well clear of the compressor surge line 
down to a speed much below 70% of maximum. This 
displacement between the two lines becomes much 


more striking if the turbine operating line in Fig. 3 
is transferred to a compressor characteristic curve of 
the usual form with vertical ordinates of pressure on 
a basis of mass or volume flow. 

The possibility of employing an automatically- 
controlled bypass valve and recuperation stages on 
the air compressor as a means of controlling the 
turbine inlet temperature has been examined but, 
although it is quite practicable to cover the effect of 
changes in desired blast temperature, trouble arises 
in meeting partial-load conditions. 

The effect of opening such a bypass at part load 
would be to reduce both the gross load (by power 
recovery in the recuperation stages of the air com- 
pressor) and the mass flow but, owing to the inevitable 
losses in recuperation, the gross load would not by 
this means be reduced in the same proportion as the 
mass flow. 

The reduction in mass flow would also lessen the 
pressure ratio and, although this would assist in 
balancing the respective reductions in gross load and 
mass flow by cutting down the compression load, it 
will also diminish the heat drop available. To offset 
this, a progressive rise would be needed in the turbine 
inlet temperature, with which the inlet-temperature 
control would be in conflict. 

Reference was made earlier to the effect on partial- 
load efficiency of furnishing the blast-air supply by 
tapping the combustion-air compressor of the gas 
turbine. Before concluding this section of the paper 
it will be worth exploring this effect more fully. 





* A. T. Bowden, W. H. Gibson, J. W. Railly, and 
R. G. Voysey, J. Iron Steel Inst., 1947, vol. 156, p. 108. 
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For this purpose a not improbable partial-load 
blowing condition of 35,000 cu. ft./min. at 14 lb./sq. 
in. gauge is assumed from a blower having the 
characteristics of Fig. 2 and a normal maximum 
duty of 53,500 cu. ft./min. at 17 lb./sq. in. (gauge) 
as in Fig.6. This partial-load condition corresponds 
to about 4650 r.p.m. blower speed and lies therefore 
on the 0-8 speed line in Fig. 3. 

The reduction in blower delivery pressure from 
17 to 14 lb. /sq in. gauge represents a reduction in 
its pressure ratio, expressed decimally, to about 
0:9, whereas from Fig. 3 it will be seen that the 
‘natural’ pressure ratio to which the gas turbine 
would fall under these conditions would be about 0-6 
of maximum. 

By tapping the air compressor for the blast supply, 
therefore, the gas turbine is forced to work at an 
imposed pressure ratio which, in the example adopted, 
will be about 50% greater than its ‘ natural’ one. 

This will require a corresponding increase in the 
mass flow, which the tapped compressor provides 
partly by transference of air from the blast supply 
to the gas turbine and for the rest by running at a 
higher speed for a given blast demand than would 
an untapped one. Assuming a corresponding increase 
in the relative air compression load, the condition 
existing is that the turbine must work at about 
90% of its full pressure ratio with a heat drop more 
nearly corresponding to 80% of that pressure ratio, 
and this reduction in heat drop can only be effected 
by allowing the turbine-inlet temperature to fall. 

From the graphs it will be seen that this fall will 
be of the order of 200° at which the thermal efficiency 
will be little more than half the full-load figure. 

Reference was made earlier to one of the tapped 
schemes advanced in which the blast air is taken 
from the delivery of the air compressor through an 
air turbine. This method has the advantage of 
lessening the pressure imposed on the gas turbine 
under partial-load conditions because of the rapidly 
falling pressure ratio of the air turbine when the blast 
demand is reduced, but it does not entirely avoid it. 


CONCLUSION 


It should be pointed out that no particular virtue 
should be attached to the basic values used in the 
paper for gas-turbine inlet temperature and pressure 
ratio. The temperature of 1202° F. (650° C.) may 
be regarded by many as unduly conservative in light 
of present-day development, but it has the important 
advantage of permitting the use of heavy fuel oil 
as a standby to blast-furnace gas without much fear 
of trouble. The pressure ratio of 5-25 may, on the 


other hand, be thought rather above the optimum 
for an inlet temperature of 1202° F. It does, how- 
ever, result in a moderate exhaust-temperature 
condition and a fairly equal division of the blast 
heating between the low-temperature and_high- 
temperature stages. 

If asked today to decide upon conditions to form 
the basis for design of an actual plant the author 
would certainly consider adopting a somewhat higher 
temperature and lower pressure ratio, the latter with 
especial regard to constructional considerations 
affecting the high-temperature heat exchanger, and 
the avoidance of excessively high pressures where 
blast-furnace gas is concerned. 

Two other figures used in the paper also call for 
comment, namely, the blast temperature of 1000° F. 
(537-8° C.), and the stove efficiency of 80%. It is 
recognized that the tendency is towards higher blast 
temperature, many furnaces today working at 1100- 
1200° F. or more; also many operators obtain stove 
efficiencies well in excess of 80%. An indication of 
the effects of these changes on the saving to be 
expected from the combined gas-turbo-blower and 
blast-heating plant as described in the paper is 
therefore necessary. 

Taking first the raising of blast temperature, the 
effect is slightly to increase the actual saving of gas, 
t.e., the saving in terms of the furnace make, so that 
with a blast temperature of 1200° F. the saving 
would exceed 94% in place of the 84% mentioned 
earlier. Expressed as a percentage of the gas used 
for blowing and blast heating the figure is less, at 
26-85% instead of 27%, owing to the larger heat 
consumption of the stoves at the higher blast tem- 
perature. 

The effect on the comparison of a higher stove 
efficiency is, of course, to reduce the saving. On an 
85% basis the reduction is #% in terms of furnace 
make—i.e., 72% in place of 84% at 1000° F. and 
8-36% at 1200° F. In terms of gas used for blowing 
and blast heating the figures are 25-4°% and 24-:2%, 
respectively. Finally, the effect on the overall thermal 
efficiencies given by Figs. 7-9 is shown below : 





Overall Thermal Efficiency 
Fig. 9 
(Combined 
Fig. 7 Fig. 8 Gas-Turbo- 
Blast Temperature (Steam (Gas-Turbo- Blower and 
and Plant and Blower and Blast 
Stove Efficiency Stoves) Stoves) Heating) 
1000° F. and 80% 51-43 55-6 71-2 
1200° F. and 80% 54-37 58-78 75-09 
1000° F. and 85% 53-13 57 -66 71-2 
1200° F. and 85% 56-95 61-11 75-09 
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THE IRON AND STEEL INSTITUTE 


Annual General Meeting, 1955 


The Annual General Meeting of The Iron and Steel 
Institute will be held at 4 Grosvenor Gardens, London, 
S.W.1, on Wednesday and Thursday, 27th and 28th April, 
1955. The Dinner for Members will be held at Grosvenor 
House, Park Lane, London, W.1, on 27th April. 

The following is the detailed programme: 


Wednesday, 27th April 


Morning Session 

9.45-10.30 a.m.—Official business, including: 
Report of Council and Accounts 
Presentation of Medals and Prizes 
Induction of President 

10.30-11.30 a.m.—Presidential Address 

11.30-11.45 a.m.—Interval 

11.45 a.m.—1.30 P.m.—Discussion on: 
“The Gas-Turbo-Driven Blower for Blast-Furnace 

Service,” by C. E. Sayer (Apr., 1955) 

1.30—2.30 p.m.—Buffet Luncheon in the Library of the 

Institute 


Afternoon Session 
2.30-4.30 p.m.—Joint Discussion on: 
“Charging Delays due to Furnace Bunching,” by 
R. Solt (Mar., 1955) 
“The Supply of Scrap to Open-Hearth Furnaces,” 
by M. D. J. Brisby and W. O. Pendray (Mar., 
1955) 


Thursday, 28th April 


Morning Session 
10.30 a.M.—12.45 p.m.—Joint Discussion on: 

‘* Causes of Variable Creep Strength in Carbon Steel,” 
by W. E. Bardgett and M. G. Gemmill (Mar., 
1955) 

** Some Additional Creep and Rupture Data on Mo, 
Cr—Mo, and Mo-V Steels,” by J. Glen (Apr., 1955) 

“* Statistical Study of Creep and Fatigue Properties 
of a Precision-Cast High-Temperature Alloy,” by 
G. T. Harris and H. C. Child (Nov., 1954) 

“* Relationships between Long and Short Time Creep 
and Tensile Properties of a Commercial Alloy,” 
by A. Graham and K. F. A. Walles (Feb., 1955) 

12.45—2.30P.m.—Interval (N.B.: A Buffet Luncheon will 
not be arranged for this day) 
2.30-4.0 p.m.—Joint Discussion on: 

“* Mechanism of Accelerated Attack on Metals and 
Alloys by V.0;,” by G. Lucas, M. Weddle, and 
A. Preece (Mar., 1955) 

“ Effect of Composition of Gas Turbine Alloys on 
Resistance to Scaling and to V,0, Attack,” by 


Hatfield Memorial Lecture 


Dr. E. C. Bain, Vice-President, Research and Techno- 
logy, United States Steel Corporation, has agreed to 
deliver the Eighth Hatfield Memorial Lecture in Sheffield 
on Monday, 17th October, 1955. The invitation is issued 
by the University of Sheffield on the recommendation 
of the Lecture Committee, which consists of representa- 
tives of the Royal Society, The Iron and Steel Institute, 
and the University. Details will be announced later. 


Change on Council 


Mr. T. H. ARNOLD has accepted an invitation to serve 
as an Honorary Member of Council during his term of 
office as President of the Sheffield Metallurgical Associa- 
tion, in succession to Mr. F. H. Saniter. 


Awards 


Bessemer Gold Medal 

The Bessemer Gold Medal for 1955 has been awarded 
to Professor John Chipman, Head of the Department of 
Metallurgy, Massachusetts Institute of Technology, in 
recognition of his distinguished contributions to the 
knowledge of the physical chemistry of steelmaking. 

A portrait and biography of Dr. Chipman appear as 
the frontispiece to this issue. 


Sir Robert Hadfield Medal 

The Sir Robert Hadfield Medal for 1955 has been 
awarded to Mr. Tor Fjalar Holmberg, of Oy Vuoksenniska 
AB, “in appreciation of his meritorious service in 
improving the technique of the production of iron and 
steel’? at the Imatra Works, Finland. 

Fjalar Holmberg, Technical Director of Oy Vuoksen- 
niska AB, was born at Helsingfors, Finland, in 1911. 
He was awarded the degree of Dipl.Ing. (Mechanical 
Engineering) of the Technical University of Helsingfors 
in 1934, and in the same year joined Wartsilaé Concerns 
Ltd. He spent a year in the U.K. studying machine-tool 
manufacture, and on his return to Finland took up an 
appointment with A. Ahlstrém and Co., at Varkaus. 





G. T. Harris, H. C. Child, and J. A. Kerr (Mar., : \ 
1955). T. F. Holmberg B. Cina 
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R. McDonald A. Stirling 


From 1941 to 1942 he studied at the Technical University 
for Mining and Metallurgy in Stockholm. He then joined 
Oy Vuoksenniska AB, and in 1946 became Works 
Manager of the Imatra Iron and Steel Works. He was 
appointed Technical Director of the Company earlier 
this year. 


Andrew Carnegie Silver Medal 

The Andrew Carnegie Silver Medal for 1954 has been 
awarded to Dr. B. Cina, Brown-Firth Research Labora- 
tories, in respect of research at Sheffield University and 
his paper on “ Effect of Cold Work on the y — « Trans- 
formation in Some Fe-Ni-Cr Alloys ”’ (Journal, Aug., 
1954). A biography of Dr. Cina appeared in the July, 
1952, issue of the Journal. 


Williams Prizes 

Three Williams Prizes, to the value of £100 each, have 
been awarded for 1954. The awards have been made to: 
Mr. R. McDonald, Colvilles Ltd., for his paper on “ Steel- 
works Waste Heat Boiler Practice’ (Journal, Jan., 
1954); Mr. A. Stirling, Stewarts and Lloyds Ltd., for his 
paper on ‘‘ The Pelletizing of Northampton Sand Iron- 
stones by Vacuum Extrusion” (Journal, May, 1954); 
and to Mr. W. Jackson, Melting-Shops Manager, Appleby- 
Frodingham Steel Co., for his paper on ‘‘ Use of Cold 
Coke-Oven Gas and Pitch-Creosote Firing on Tilting 
Furnaces ” (Journal, Dec., 1954). Biographies of the 
recipients of these awards appeared in the issues of the 
Journal in which the prizewinning papers were published. 


Ablett Prize 
No award of the Ablett Prize has been made for 1954. 


Centenary of the Bessemer Process 


The Centenary of the first operation of the Bessemer 
Process falls in 1956. The account of his discovery was 
given by Mr. (later Sir) Henry Bessemer in a paper read 
before the British Association at Cheltenham on Monday, 
llth August, 1856. (The dates that Bessemer mentions 
in his autobiography have made many later authors say 
that the paper was read on 12th or 13th August, but 
this is not correct.) The paper was printed in full in 
The Times of 14th August, 1856, and reprinted in the 
** Autobiography.” 

An announcement will be made later of the date and 
manner in which the Council propose that this Centenary 
shall be celebrated by the Institute. 


Joint Metallurgical Societies’ Meeting in 
Europe, 1955 


As previously announced, the American Institute of 
Mining and Metallurgical Engineers and the American 
Society for Metals have accepted invitations to send 
representatives to take part in a Joint Metallurgical 
Societies Meeting in Europe in 1955. 


APRIL, 1955 


The dates are Ist to 7th June in Great Britain; 8th 
to 13th June in Diisseldorf, Germany; 13th June in 
Liége, Belgium; 14th to 18th June in France. The 
arrangements in Great Britain are being made jointly 
by The Iron and Steel Institute and the Institute of 
Metals. Information about participation by Members 
has been issued in a separate circular. 


NEWS OF MEMBERS 


> Dr. Howarp Briers has been designated an Honorary 
Member of the Institute of Welding of Spain. 

> Mr. P. ByGrKMAN has joined AB Kanthal, Hallsta- 
hammar, Sweden, as a metallurgist. 

> Professor P. CHEVENARD has retired from industry, 
but will continue scientific work privately. 

> Mr. L. Coox has returned to the U.K. from Brazil, 
where for several years he has been Technical Adviser 
(Steelplant) to the Brazilian National Steel Co., of Volta 
Redonda. 

> Dr. T. B. Crow, formerly Technical Director of Emery 
Bros., Ltd., has joined the Research and Development 
Department of Foundry Services Ltd. 

> Mr. H. H. Eaerntron has been elected an Associate 
Member of the Institute of Refrigeration. 

> Mr. D. T. Ettis has left Joseph Lucas (Electrical) 
Ltd., to become Chief Metallurgist to the Moss Gear Co., 
Ltd. 

> Mr. G. W. Exxis has become Technical Sales Repre- 
sentative at the Manchester office of the English Steel 
Corporation Ltd. 

> Mr. C. C. Gece has left Thomas Firth and John Brown 
Ltd., and has joined the English Steel Corporation Ltd. 
> Mr. A. GRIEVE, who is now with the Eastern Mining 
and Metals Co., Ltd., Singapore, has been awarded the 
degree of Ph.D. 

> Mr. L. C. GrimsHaw has left Firth Sterling Inc., and 
has joined the Westinghouse Corporation, as a senior 
engineer in the Atomic Power Apparatus Division, 
Pittsburgh, U.S.A. 

> Mr. A. M. HorsFiecp has left the Quasi-Are Co., Ltd., 
to become Technical Secretary to the British Welding 
Research Association. 

> Dr. W. Hume-Roruery, F.R.S., has been awarded the 
Third Losana Medal by the Associazione Italiana di 
Metallurgia. 

> Mr. M. C. Luoyp has left the Weldless Steel Tube Co., 
Ltd., to join F. H. Lloyd and Co., Ltd. 

> Mr. KE. Marvitt, General Manager of the Sheepbridge 
Engineering Co., Ltd., has been appointed a Director 
of the Company. 

> Mr. J. A. Menzigs has left the Consolidated Pneumatic 
Tool Co., Ltd., to join the Research Department of 
Babcock and Wilcox Ltd., Renfrew. 

> Mr. J. H. Paw has joined Hilarius’ Draadindustrie en 
Handelmaatschappij N.V., Haarlem, as leader of the 
Welding Industry Department. 

> Mr. A. POWELL has become a Member of the Institution 
of Mechanical Engineers. 

> Mr. CHARLES PULLAN, Sales Director of Armstrong 
Whitworth (Metal Industries) Ltd., is paying a business 
visit to South Africa. 

> Mr. S. V. Raman has relinquished his position as Chief 
Metallurgist to the National Iron and Steel Co., Ltd., 
Calcutta, to join Hindustan Steel Ltd., as Deputy 
Technical Adviser. 

> Dr. C. Syxes, F.R.S., Managing Director of Thos. 
Firth and John Brown Ltd., has been appointed Deputy 
Chairman of the Company. 

> Mr. J. S. TeRRINGTON has been awarded the London 
(H.Q.) Prize of the Institution of Structural Engineers 
for 1953-54 jointly with Dr. J. M. Hawkes for a paper 
on ‘‘ Crane Gantry Girders for Steelworks.” 
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> Mr. A. Tomuinson has taken up an appointment as 
Chief Metallurgist in the Engineering Research Establish- 
ment of the Ford Motor Co., Ltd. 

> Mr. P. N. VERNON has left the Royal College of Mines 
and has become a metallurgist in the Research Labora- 
tories of British Insulated Callender’s Cables Ltd. 

> Dr. W. H. J. VERNON, O.B.E., formerly head of the 
Corrosion Section of the Chemical Research Laboratory 
of D.S.I.R., has been awarded the National Association 
of Corrosion Engineers’ Whitney Award for 1955. 

> Mr. W. N. Warwick has been appointed General 
Works Manager of the Cargo Fleet Works of the South 
Durham Steel and Iron Co., in succession to Mr. G. 
Barry THOMAS. 


Obituary 


Mr. James BonELLE, Governing Director of James 
Bonelle Ltd., St. Briavels, on Ist February, 1955. 

Mr. H. 8. Carnecie, of the English Electric Co., Ltd., 
on 4th February, 1955. 

Mr. Francis G. Connor, Managing Director of the 
Metallurgical Equipment Export Co., Ltd., and a 
Director of Campbell, Gifford and Morton Ltd., on 
28th February, 1955, while visiting Caracas, Venezuela. 
Mr. Connor was 55. 

Mr. J. H. Longs, of Abergavenny, Monmouthshire, 
on 29th December, 1954. 

Mr. C. W. Orr, of Vancluse, N.S.W., Australia, on 
3rd October, 1954, as the result of a car accident. 

Mr. F. M. Parkin, Managing Director of F. M. Parkin 
(Sheffield) Ltd., in November, 1953. 

Major A. E. Power, of Southgate, London, N.14, on 
19th January, 1955. 

Mr. L. P. Wixks, of the Fordath Engineering Co., Ltd., 
on 2ist May, 1954. 

Lieut.-Col. M. A. Wotrr, O.B.E., of Birmingham, on 
23rd February, 1954. 


CONTRIBUTORS TO THE JOURNAL 


R. A. Hancock, B.Sc. 
A.R.1.C.—Scientific Officer 
in the Physical Chemistry 
Division of the British Iron 
and Steel Research Associa- 
tion. 

Mr. Hancock was born in 
1924 and was educated at 
Alleyns School, Dulwich, 
and at Battersea Polytech- 
nic. He graduated with 
Honours in Chemistry in 
1951. After working as a 
laboratory assistant with the 
Food Research Association 
and as research chemist to a 
metallizing and electroplat- 
ing firm, he took up his 
present appointment in 1953. 


G. Lucas, B.Sc., Ph.D., A.I.M.—On the staff of the 
Brown-Firth Research Laboratories, Sheffield. 

Dr. Lucas was awarded a State Bursary in Metallurgy 
and graduated from Leeds University with 2nd Class 
Honours in 1948. In the same year he was awarded a 
Nuffield Foundation Travelling Scholarship, and spent 
three months in Canada, where he studied the separation 
of lead and zinc ores by flotation. He then took up 
research on the high-temperature oxidation of metals 
at King’s College, University of Durham, where he was 








R. A. Hancock 
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awarded the degree of Ph.D. in 1951. He remained on 
the staff as Research Assistant to Professor Preece until 
1954, when he took up his present appointment. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Conference on Works Transport 


The full report of the Conference on Works Transport 
organized by the Association in July, 1954, has now 
been published. The text of the following papers and 
discussions on them are given in the Report, together 
with three appendixes: “ The relation of the iron and 
steel industry to British Railways, and the effect of recent 
legislation,” by M. F. Barnard; “‘ The importance of 
transport in iron and steel works and management effi- 
ciency,” by 8. C. Bond; ‘‘ How to avoid traffic congestion 
in works,” by M. D. J. Brisby; “‘ The use of operational 
research on British Railways,” by M. G. Bennett; ‘‘ The 
economics of works transport,” by J. H. Turnbull; “ The 
organization of works transport,” by E. R. 8. Watkin; 
“* The maintenance of works transport,” by C. E. Roebuck; 
** Road versus rail transport,” by W. F. Cartwright; “ The 
relative merits of diesel and steam traction,” by A. J. 
Harby; “‘ Wagons for bulk materials,” by H. R. Mills. 
Copies of the report are available, free of charge to 
members of B.I.8.R.A.; the charge to non-members is 
5s., post free. 


Reorganization of Committees 


The various Committees of the Plant Engineering and 
the Metallurgy (General) Division of the Association 
have recently been reorganized. They now correspond 
more closely with sections of the industry, and thus 
make possible a closer co-operation. The following are 
the titles of the reorganized Committees: 

Plant Engineering Division—Blast Furnace and Ore 
Preparation Plant; Furnaces and Fuel; Rolling Mill 
Plant; Mechanical Handling Plant; New Engineering 
Techniques. 

Metallurgy (General) Division—Structural Engineering 
Steels; Electrical Sheet; Tool Steels; High Temperature 
Steels Committee and Joint B.I.S.R.A./E.R.A. Steel- 
makers Panel; Alloy Steels; Metal Physics; Fatigue and 
Inclusions; Thermal Treatment; Joint Advisory Com- 
mittee on the Castang Technique for Micro-Analysis; 
Methods of Analysis. 


EDUCATION 


Mond Nickel Fellowships 


The Mond Nickel Fellowships Committee invites 
applications for the award of Mond Nickel Fellowships 
for 1955. The main object of these Fellowships is to 
enable selected applicants of British nationality, educated 
to University degree or equivalent standard, to obtain 
additional training and wider experience in industrial 
establishments at home or abroad, so that, if they are 
subsequently employed in executive or administrative 
positions in the British metallurgical industries, they 
will be better qualified to appreciate the technological 
significance of research and to apply its results. 

There are no age limits, but awards will seldom be 
made to persons over 35 years of age. Each Fellowship 
will occupy one full working year. It is hoped to award 
five Fellowships each year of an approximate value of 
£900-£1200 each. Applicants will be required to define 
the programme of training in respect of which they are 
applying for an award, as well as particulars of their 
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education, qualifications, and previous career. Full 
particulars and forms of application can be obtained from 
the Secretary, Mond Nickel Fellowships Committee, 
4 Grosvenor Gardens, London, 8.W.1. Completed appli- 
cation forms will be required to reach the Secretary of 
the Committee by not later than Ist June, 1955. 


NEWS OF SCIENCE AND INDUSTRY 


Fundamental Investigation in Metallurgy 


A Conference on the Possibilities and Limits of Funda- 
mental Investigation in Metallurgy will be held by the 
Montanistischen Hochschule Leoben, in St. Christoph 
am Arlberg, Tyrol, on 2nd—7th May, 1955. The Confer- 
ence will be divided into the following principal subject 
groups: (1) Quantum theory, wave mechanics, electronic 
theory of metals; (2) Lattice structure of the phases in 
metallic systems, electrical and thermal conductivity; 
(3) Crystal structure and growth, ideal and real crystals 
and grain boundaries; (4) Transformation processes in 
the solid state with and without diffusion, action of 
nuclei, stresses; (5) Plastic deformation, work-hardening, 
damping, fracture processes. 


Conference on Non-Destructive Testing 


An international conference on non-destructive testing 
will be organized in Brussels by Il Association des 
Industriels de Belgique on 28rd-25th May, 1955. The 
conference will review present-day methods from the 
viewpoint of scientific research, industrial applications, 
and education; the improvement of international co- 
operation as to the exchange of information will also be 
considered. 

Further information is available from the Secretary 
of the Organizing Committee, Monsieur Georges De Rees, 
at 29 Avenue André-Drouart, Auderghem, Brussels. 


Conference on Combustion 


A conference on combustion will be organized jointly 
by the Institution of Mechanical Engineers and the 
American Society of Mechanical Engineers, to be held 
in the U.S.A. and Great Britain. The same papers will 
be presented in Boston, Mass., U.S.A., on 15th-17th 
June, 1955, and in London on 25th-27th October, 1955. 
It is expected that some 30 societies from Great Britain, 
Europe, and the Commonwealth will participate in the 
conference, as well as a number from the U.S.A. 

The objects of the conference are to link theory and 
practice by presenting the results of theoretical work to 
practical engineers, and to provide an opportunity for 
practical engineers from the U.S.A., Great Britain, and 
other countries to meet to discuss practical applications 
of theory in the fields of boilers, furnaces, internal 
combustion engines, and gas turbines. 

The papers to be presented will be divided into five 
groups: General, boilers (including waste gases, flame 
failure, furnaces and firing methods, liquid fuel firing, 
cyclone firing), industrial furnaces (jet combustion, 
instruments, heat transfer, design of burners, cupola 
combustion), internal-combustion engines, and gas 
turbines (probes, thermocouples, temperature control). 
These papers will be presented in abstract form by 
rapporteurs at the meetings, which are to be held in 
London in the Great Hall of the Institution of Civil 
Engineers; advance copies will be on sale from the 
Institution of Mechanical Engineers. 

The Iron and Steel Institute is participating in this 
conference, and all Members are invited to attend the 
meetings. Reply forms for those interested will be 
available in due course from the Secretary. 
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Spanish Iron and Steel Institute 


The Third General Assembly of the Spanish Iron and 
Steel Institute will be held from 20th June to 2nd July, 
1955. The Assembly will open in Barcelona, so that 
participants will be able to visit the International 
Industries Fair being held there. Visits will be made to 
Saragossa, San Sebastian, Beasain, Eiber, Bilbao, Oviedo, 
Aviles, and Toledo, and the closing sessions of the meeting 
will be held in Madrid. Members of The Iron and Steel 
Institute and others participating in the Joint Metal- 
lurgical Societies’ Congress in Europe are cordially 
invited to attend the Assembly. 


Institution of Mining and Metallurgy 


It has been necessary to postpone the Symposium on 
the Extraction Metallurgy of some of the Less Common 
Metals which was to have been organized by the Institu- 
tion of Mining and Metallurgy in September, 1955. This 
will now be held in London on Thursday and Friday, 
22nd and 23rd March, 1956. Further details will be 
available later. 


World Power Conference 

The fifth Plenary World Power Conference will be 
held in Vienna on 17th-28rd June, 1956. The general 
theme of the Conference will be World Energy Resources 
in the Light of Recent Technical and Economic Develop- 
ments. Further details are obtainable from the Oester- 
reichisches Nationalkomitee der Weltkraftkonferenz, 
Schwarzenbergplatz 1, Vienna 1, Austria. In Great 
Britain, communications should be addressed to the 
Secretary, British National Committee, World Power 
Conference, 201-2 Grand Buildings, Trafalgar Square, 
London, W.C.2. 


Empire Mining and Metallurgical Congress 


The Sixth Empire Mining and Metallurgical Congress, 
organized by the Empire Council of Mining and Metal- 
lurgical Institutions, will be held in Canada during 1957, 
by invitation of the Canadian Institute of Mining and 
Metallurgy. Further particulars of the Congress are 
available from the Honorary Secretary, Empire Council 
of Mining and Metallurgical Institutions, Salisbury House, 
London, E.C.2. 


Precision Alloy Steel Castings 


The relative brittleness of castings had always been 
a deterrent to the production of milling cutters by casting 
until 1949, when B.S.A. Tools Ltd. perfected a process 
for the precision casting of milling cutters, in which the 
resulting metallurgical structure and mechanical proper- 
ties closely resembled those of the conventional types 
of high-speed steels. A new Company, Precision Alloy 
Castings (Birmingham) Ltd., has now been formed for 
the purpose of developing and applying the original 
B.S.A. process to a much wider field. This new Company 
is already handling a large number of products for the 
jig, tool, and die industry, as well as for the general 
engineering industries. Its offices are situated at Macka- 
down Lane, Kitts Green, Birmingham, 33. 


Methods of Analysis Panel (Glasgow) 


The Absorptiometric Panel will in future be known as 
the Methods of Analysis Panel (Glasgow), and the scope 
of the Panel’s activities, particularly in relation to 
inorganic analysis, will be correspondingly extended. 
The first meeting of the new Panel is to be held 
at the Royal Technical College, Glasgow, on 22nd 
April, 1955. 
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Particle-Size Distribution 

* A ‘ Micromerograph ’ for accurate, rapid, and repro- 
ducible particle-size distribution analysis has been pro- 
duced by Sharples Centrifuges Ltd., and is now being 
marketed in the U.K. and Europe. Manufactured in 
the U.S.A., the Micromerograph is a self-recording 
sedimentation balance type instrument. Further details 
are available from the Company at Tower House, Wood- 
chester, Stroud, Gloucs. 


Research on Fuel Economy and Smoke Abatement 


Research being carried out in the Fuel Technology 
Department of the University of Sheffield is described 
in a booklet recently issued by the Department. Indi- 
vidual researches by members of the staff and post- 
graduate students are described under the following 
general headings: Smoke abatement and desulphuriza- 
tion; coal combustion and gasification; heat transfer in 
gas- and oil-fired furnaces; hydrogenation; carbonization; 
heat transfer equations; miscellaneous researches. The 
Report also contains, in the form of appendixes, details 
of new equipment recently installed, a list of papers 
published by members of the Department, and details 
of degree courses in fuel technology. 


Industrial Publications Received 


> Recording X-ray diffractometer—Publication No. CH 
322/3: Arc and spark stands and source units for spectro- 
chemical analysis—Publication No. CH 387: Inspection 
enlargers—Publication No. CT 4380/2: Production pro- 
jectors for routine inspection and for filing gauges— 
Publication No. CT 420/4. Hilger and Watts Ltd. 

> Magnetic wall thickness gauge, designed for the thick- 
ness measurement of ferro-magnetic materials where only 
one side is accessible—Publication No. 31—Solus- 
Schall Ltd. 

> “ Incandescent Nitrogen Generators ”’—Leaflet No. V.15 
—Incandescent Heat Co., Ltd. 

> Cast iron conveyor pulleys—Publication No. 5416— 
Crofts (Engineers) Ltd. 

> Brochure on the Courtauld atomic models, designed 
for use in research and education—Publication No. GT 
1465—Griffin and Tatlock. 

> Pyrocrete basic refractory concretes—Publication No. 
103 M.P. 3M.9/54—General Refractories Ltd. 

> Refractory strainer cores—Publication No. 100— 
Coupe and Tidman Ltd. 

> Revised edition of ‘‘ Basic Bricks ’’—-Pamphlet No. 3 
—John G. Stein and Co., Ltd. 

> Brochures on the following types of continuous fur- 
naces: Wire and strip pull-through type; rotary hearth 
and vertical conveyor types; mesh-belt type; walking- 
beam type; chain and slat types—G.W.B. Furnaces Ltd. 
> ‘Success is not an Accident” gives details of the 
products of the Heavy Construction Department of 
Newton Chambers and Co., Ltd., including cast-iron 
and mild-steel tanks, gasworks and fuel economy plant, 
and equipment for the oil industry. 

> The first edition of ‘‘ Stainless Steel Review,” published 
by the British Electro Metallurgical Co., a Division of 
Union Carbide Ltd., appeared in February, 1955. 

> Brochures on ‘ Pulsafe’ industrial goggles: Model 
PBS-1, bakelite laminated goggle; model PCW-1, plastic 
welders’ goggle; model PCF-1, plastic grinders’ goggle. 
Safety Products Ltd. 

> Technical Service No. 34, gives details of recent 
investigations carried out by Foundry Services Ltd. 
>It has been decided to re-issue the Wild-Barfield 
Heat-Treatment Journal, which ceased publication 
during the war and was later replaced by the Heat- 
Treaters’ Diary. The first issue appeared in March. 
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DIARY 


1st Apr—Essw Vate Meratiturcican Socretry— 
Annual Dinner. 

2nd Apr.—SwansEA AND District METALLURGICAL 
Socrery—Annual Dinner. 

4th Apr.—CLevELAND INSTITUTION OF ENGINEERS— 
“The Development of Ore Handling at the West 
Hartlepool Works of the South Durham Steel and Iron 
Co., Ltd.,” by 8. H. Walker—Cleveland Scientific 
and Technical Institution, Corporation Road, 
Middlesbrough, 6.30 P.M. 

5th Apr.—SHEFFIELD METALLURGICAL ASSOCIATION— 
“Safety in the Laboratory,” by L. J. Burrage— 
B.I.8.R.A., Hoyle Street, Sheffield, 3, 7.0 p.m. 

14th Apr.—STAFFORDSHIRE IRON AND STEEL INSTITUTE 
—Annual General Meeting—Star and Garter Royal 
Hotel, Wolverhampton, 7.30 P.M. 

14th Apr.—Liverroot MeEtTatituRGiIcaL Socrery—An- 
nual General Meeting, followed by ‘“ Materials 
Resistant to Creep at High Temperatures,” by A. W. 
Franklin — Liverpool Engineering Society, The 
Temple, Dale Street, Liverpool, 7.0 P.M. 

15th Apr.—West or Scotianp Iron anp STEEL InstI- 
TUTE—‘“‘ Recent Developments in Refractories—Their 
Effect on Steelmaking,” by H. Parnham—39 Elm- 
bank Crescent, Glasgow, C.2. 

18th Apr.—SHEFFIELD Society oF ENGINEERS AND 
METALLURGISTS—Film Night—University Building, 
St. George’s Square, Sheffield. 

18th Apr.—East Miptanps METALturRGIcAL Soclery— 
Annual General Meeting, followed by “‘ Centrifugal 
Casting,” by E. Morgan—Nottingham and District 
Technical College, Shakespeare Street, Nottingham, 
7.30 P.M. 

19th-20th Apr.—AssocrazionE ITaLIANA DI METAL- 
LURGIA—Symposium on Steel and Steelplants— 
Milan. 

20th Apr.—Norrn East MeratiurcicaL Socrety— 
“ Research and Development on the Continuous 
Casting of Steel,” by J. Savage—Cleveland Scientific 
and Technical Institution, Corporation Road, 
Middlesbrough, 7.15 P.M. 

28rd Apr.—SwansEA AND Districr METALLURGICAL 
Socrery—Annual General Meeting—Central Library. 
Swansea, 6.30 P.M. 

28rd Apr.—8th May—Seventh Liége International Fair— 
Liége, Belgium. 

27th Apr.—Society or CxEmicaL INpustRy (Corrosion 
Group)—Annual General Meeting, followed by 
Chairman’s Address by J. C. Hudson—Chemical 
Society, Burlington House, Piccadilly, London, 
W.1, 6.30 P.M. 

27th-28th Apr.—THe Iron anp Steet InstrroTe— 
Annual General Meeting—4 Grosvenor Gardens, 
London, 8.W.1. 





TRANSLATION SERVICE 


(The previous announcement was made in the March, 
1955, issue of the Journal, p. 283). 
TRANSLATION AVAILABLE 
No. 499 (German). A. ScHack: “‘ Flow Conditions and 
Heat Balance in Modern Soaking Pits.” (Stahl 
und Eisen, 1954, vol. 74, Nov. 4, pp. 1502- 
1507). 

CHARGES FOR CoPres OF TRANSLATIONS—The charge 
for translations is £1 for the first copy and 10s. for each 
additional copy of the same translation. Requests 
should be accompanied by a remittance. These transla- 
tions are not available on loan from the Joint Library. 
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MINERAL RESOURCES 


Magnesite Deposits in the Serra das Eguas, Brumado Bahia, 
Brazil. A. J. Bodenlos. (U.S. Geol. Survey Bull. 975-C, 1954). 

Geology of the Dover Magnetite District, Morris County, 
New Jersey. P. K. Sims. (U.S. Geol. Survey Bull. 982-G, 1953). 

Geologic Investigation of the Boyertown Magnetite Deposits 
in Pennsylvania. H. E.: Hawkes, H. Wedow, and J. R. 
Balsley. (U.S. Geol. Survey Bull. 995-D, 1953). é; 

Some Magnetite Deposits in New Jersey. P. E. Hotz. (U.S. 
Geol. Survey Bull. 995-F, 1954). 

Manganese Ores of Keonjhar. B. Sen. (Trans. Min. Geol. 
Met. Inst. India (Calcutta), 1951, 47, July, 85-111). The 
mode of occurrence and physical features of the manganese 
ores of Keonjhar, with special reference to the deposits at 
Bonaikora, are discussed.—t. E. W. 


ORES—MINING AND TREATMENT 


Iron Ore Mining in Sierra Leone. (Times Rev. Indust., 
1954, 8, Mar., 81-82). The methods of mining, concentrating, 
and transporting iron in and from Sierra Leone are described. 

Mechanization in Iron Mines. Its Influence on Blast- 
Furnace Operation and the Price of Iron. Gerin. (Centre. Doc. 
Sid. Cire. Inform. Tech., 1954, (9), 1689-1693). The mechaniza- 
tion of ore loading at mines and its influence on methods of 
dressing bring disadvantages to the blast-furnace due to 
unsuitable size of ore lumps, lower grades of ores and higher 
sulphur contents. This, without correction, results in an 
increase in the cost of iron production. A suggested solution 
is precrushing at the mine so that at the works the ore is 
only screened, classified, and agglomerated.—a. G. 

Import Ore Handling—Machines and Practices. E. M. Hays. 
(Iron Steel Eng., 1954, 81, Aug., 84-90). The author discusses 
the discharge of iron ore at U.S.A. ports. Both ship and 
unloading equipment are considered. Trimming operations 
are described.—m. D. J. B. 

Imported Ore—Tyne Dock to Consett. S. C. Pearson. (Iron 
and Steel Engineers Group, 26th Meeting, Newcastle-on-Tyne, 
Sept. 13-16, 1954, pp. 25-28). [See J. Iron Steel Inst., 1955, 
179, Feb., 174]. 

Quebec-Labrador Ore Flows to U.S. (Steel, 1954, 135, 
Aug. 9, 58-59). Historic First Shipment of Labrador Iron Ore 
Opens Supply Line to 500-Million Ton Deposit. (Eng. Min. J., 
1954, 155, Aug., 124-125). The opening-up of the Labrador 
ore field, and arrangements for transporting ore to the U.S. 
east coast and inland plants are described. The shipments 
in 1954 are expected to reach 2,000,000 tons.—D. L. c. P. 
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Correlation Between Principal Parameters Affecting Mech- 
anical Ball Wear. R. T. Hukki. (Min. Eng., 1954, 6, June, 
642-644). As a result of analysis of ball-mill operating data, 
a fundamental equation is deduced, to give ball wear in terms 
of ball size, mill speed, and mill diameter; this can be modified 
to apply to various particular problems of grinding.—x«. rf. J. 

Methods of Charging Rods and Balls into Grinding Mills. 
O. Johnson. (Min. Eng., 1954, 6, June, 622-627). Results 
are presented of a survey of methods covering 13 plants. 
Large tonnage plants can effect economies by mechanical aids, 
but the choice of methods depends on economic factors. 
Particulars are given of various rod and ball charging machines 
and the cranes used.—k. E. J. 

The Fluidized Bed Technique and Its Industrial Application. 
F. C. Collin. (Tekn. Ukeblad, 1954, 101, June 24, 555-560). 
[In Norwegian]. A detailed account of the physical principles 
of the fluidized bed, its advantages and disadvantages, is 
followed by a discussion of pressure losses, gas velocity, heat 
transfer and heat distribution in the bed, and industrial 
applications. These include catalytic cracking, manufacture 
of water gas, roasting of limestone and sulphide ores, and the 
reduction of iron ore. Latest developments in these spheres 
are touched upon.—c. G. K. 


Properties of Nonmagnetic Taconites Affecting Concentra- 
tion. D. W. Scott and A. L. Wesner. (Min. Eng., 1954, 6, 
June, 635-641). Data concerning the properties of 23 Mesabi 
Range iron-formation samples were obtained during a 
research project carried out by ore producers and the Battelle 
Memorial Institute. General conclusions indicate the limita- 
tions expected with any universal beneficiation method. The 
merits of gravity concentration, flotation, reduction, and 
magnetic separation methods are discussed.—k. E. J. 


Self-Fluxing Sinters from Iron Ores. B. Sewerynski. (Prace 
Instytutow Ministerstwa Hutnictwa, 1954, 6, (2), 83-89). [In 
Polish]. The influence of lime, and the form in which it is 
introduced into sinter mixes, on the sintering process and 
sinter quality was investigated. As the source of lime, burned 
lime, limestone, and dolomite were used. Experiments were 
carried out on a small sintering pan (1-8 sq. ft.). The following 
conclusions were drawn: (1) Lime additions considerably 
decrease sintering time and burned lime is most efficient in 
this respect; (2) lime additions (in any form) decrease the 
strength of sinters produced; (3) self-fluxing sinters are 
affected by water cooling; and (4) self-fluxing sinters are 
sensitive to atmospheric conditions, and, during the first 
three days of storing, structural changes take place which 
lower its strength and produce fines.—yv. a. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





378 ABSTRACTS 


A Note on Microradiography As Applied to the Study of 
Iron Ores, Sinters, and Solid Phases of Their Reduction 
Products. J. M. Bermudez de Castro Mosquera, J. M. Fuster 
Casas, and J. A. Boned Sopena. (Inst. Hierro Acero, 1954, 7, 
Apr.—June, 231-236). [In Spanish]. 

Experiments on the Development of a Test Method for 
Limestone. W. Kiintscher and K.-L. Kiesel. (Met. u. Giesserei 
Techn., 1954, 4, Aug., 349-362). The influence of the physical 
characteristics of lime on its reactivity is discussed and 
experiments to determine the behaviour of different types of 
lime are described. Lime requiring a long time to dissolve in 
slag is unsuitable for steel production. Coarse grained struc- 
ture adversely affects the dissolution period and speed of other 
reactions. The quality of lime for metallurgical purposes can 
be assessed by tests carried out at low temperatures.—t. J. L. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Revolution in Fuel Technology. M. W. Thring. (J. Inst. 
Fuel, 1954, 27, Aug., 401-407). The author reviews the 
revolutionary steps, and periods of consolidation which have 
taken place during the last 200 years in power production, 
and in iron and steel making; he shows that it is essential 
to initiate a new revolution in fuel technology, and indicates 
the lines along which it should occur. For ironmaking, a 
system is required that maintains the counterflow of reducing 
gases and iron ore but uses an external fuel source instead 
of admixed coke. To produce a major revolution in the 
thermal economy in the steelmaking process, a continuous 
counterflow system of iron and scrap against gases is necessary. 
The cost of developing such systems would be very small 
compared with atomic expenditure, but such schemes are 
necessary if Britain is to maintain her industrial position. 


Theory of Linear Flame Propagation. Part I—Existence, 
Uniqueness, and Stability of the Steady State. Part I— 
Structure of the Steady State. D. Layzer. (J. Chem. Phys., 
1954, 22, Feb., 222-232). Equations governing the steady, 
adiabatic, one-dimensional propagation of single-reaction 
flames admit an infinity of solutions, only one of which, 
however, can be realized physically. The steady state is 
shown to be stable against small perturbations, and the 
possibility of reconciling this result with apparently contra- 
dictory experimental data is discussed. A quantitative 
approximate theory of flame structure in the steady state, 
including formules for the determination of flame speeds, 
predicts that the sensitivity of a steady deflagration wave 
to external perturbations depends upon the shape of the 
temperature profile, but not upon the speed or width of the 
wave, or the pressure.—J. O. L. 

International Flame Radiation Research. K. Guthmann and 
E. Hofmann. (Stahl u. Eisen, 1954, 74, Sept. 9, 1219-1223). 
The reports, issued during the years 1951-1954, of research 
work at the Ijmuiden station of the Joint Flame Radiation 
Research Committee are summarized and critically discussed. 


Automatic Combustion Control. J. C. Farquhar. (Trans. 
Soc. Instrument Technology, 1954, 6, Mar., 29-45). It is shown 
that the fundamental variable to be considered in combustion 
control is residual oxygen, and the optimum residual oxygen 
for a variety of fuel types is given. The author then discusses 
the direct control of oxygen by the use of an oxygen analyser. 
Advantages and disadvantages of the method are indicated, 
and it is stated that the most suitable instrument is the 
magnetic oxygen analyser.—t. D. M. 

The Momentum and Vorticity Transfer Theories of Turbulent 
Heat Transfer. A. W. Marris. (Can. J. Phys., 1954, 82, June, 
419-429). Selected results obtained for the Nusselt modulus 
and radial temperature distribution in heat transfer from a 
cylindrical turbulent region are compared with corresponding 
figures calculated on the momentum transfer analogy theory. 

Metallic Recuperators in the Steel Industry. E. A. Vierow. 
(Iron Steel Eng., 1954, 81, Aug., 57-67). After a brief descrip- 
tion of refractory recuperators, the author discusses the merits 
of metallic recuperators and particularly their ability to raise 
preheated air temperatures from the 400-850° F. range to 
the 650-1000° F. range. The thermal transfer recuperator 
and the Hazen tubular metallic recuperator are discussed. 
Substantial savings in costs are claimed for metallic recupera- 
tors in heating furnace operations.—um. D. J. B. 

Design and Operation of High-Recovery Regenerative-Type 
Air Preheaters. Part I—Special Features of the Regenerative- 
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Type Air Preheaters. G. Braddon. Part II—Operation of 
High-Recovery Regenerative-Type Air Preheaters. J. Waitkus. 
(Trans. Amer. Soc. Mech. Eng., 1954, 76, July, 697-714). 
The paper deals with those features of the regenerative air 
preheater which are inherent in the type and are created 
expressly for the purpose of realizing high efficiency coexistent 
with high availability.—p. u. 

Recuperators. Syczeniowski. (Centre Doc. Sid. Circ. Inform. 
Tech., 1954, (6), 1186-1157). The economic and constructional 
problems involved in the use of high temperature heat 
exchangers in the iron and steel industry are considered. 
Various types of recuperator and results achieved with them 
are discussed together with rules for their safe operation. 


Progress Review No. 81: Coal Preparation, 1950-1954. 
A. Grounds. (J. Inst. Fuel, 1954, 27, July, 373-377). The 
trend in coal preparation practice (largely cleaning) by the 
National Coal Board is described. The top size of material 
mechanically cleaned has been raised in many cases, and the 
average capacity of new plants has increased.—p. L. C. D. 


Reduction of Phosphorus in Coking Coal. S. Ranga Raga 
Rao, P. B. Datta, G. B. S. Luthra, and A. Lahari. (Trans. 
Min. Geol. Met. Inst. India (Calcutta), 1951, 47, July, 113-127). 
The possibilities of reduction of phosphorus in coking coals, 
mainly the No. X seam, Jharia, were studied by froth flotation 
and gravity separation methods.—t. E. w. 

The Flotation of Coal as a Rate Process. D. J. Brown and 
H. G. Smith. (Trans. Inst. Min. Eng., 1953-54, 118, Aug., 
1001-1020). The literature dealing with the rate of separation 
of the wanted and unwanted constituents by flotation methods 
is reviewed and details of a laboratory test to measure the 
rate of separation of shale and coal are given.—z. G. B. 

Fine Crushing of Coal and Coke. J. Taylor. (J. Inst. Fuel, 
1954, 27, May, 249-254). Size distribution expressions for 
the products of crushing operations are examined. Distinctions 
are drawn between various types of material and the case of 
coal and coke is particularly referred to. The influence of 
conditions of breakdown on size distribution and—through 
the degree of dispersion in the crushed product—on the 
packing density is considered.—p. L. c. P. 

Coke Plant and Blast-Furnace Expansion at Fontana. C. R. 
Lohrey. (Iron Steel Eng., 1954, 31, July, 67-69). The author 
describes the methods adopted at Fontana to improve the 
physical properties of the coke. This has been achieved by 
blending from 10 to 15% of low volatile coal with their main 
coal supplies, and also by using petroleum coke instead of 
low-volatile coal as a blending agent in the coal mix. 

A Simple Method for Determining Caking Property of Coal. 
H. Jo, 8. Ida, and K. Mitsuyama. (Tetsu to Hagane, 1952, 
38, July, 434-439). [In Japanese]. A new simple laboratory 
method for determining the suitability for coke-making, 
requiring small samples and little apparatus, was tried 
successfully on 40 different types of coal. (19 references). 


Study on the Reactivity of Coke. H. Tanimura and A. Omori. 
(Tetsu to Hagane, 1954, 40, Apr., 398-402). [In Japanese]. 
Tests were made with several types of coke at 1000°C. 
Reactivity increased as electrical resistivity and the ability 
to absorb moisture increased, but was in inverse proportion 
to the ability to adsorb dyes. No correlation was found with 
ash content, fixed carbon, porosity, ignition temperature or 
combustibility. The lower the reactivity, the sharper the 
X-ray diffraction pattern. It was concluded that the lower 
the reactivity, the more nearly the structure approached that 
of graphite. (17 references).—x. E. J. 

Modern Mechanical Gas Producers. R. Borrdés Brucart. 
(Dyna, 1954, 29, May, 203-213). [In Spanish]. The principles 
of gasification are briefly described and three modern types 
of gas producer are described, namely, the ‘‘ Marischka ” 
made by Cie. Générale de Construction de Fours, Montrouge 
(Seine) which has no refractory lining and gasifies coke, a water- 
jacketed type made by The Power-Gas Corp., Ltd., which 
also gasifies coke, and one designed by the author for gasifying 
coal including qualities high in volatile matter.—c. B. L. 


TEMPERATURE MEASUREMENT AND CONTROL 


Static and Dynamic Performance of Sheathed Industrial 
Thermometers. A. R. Aikman, J. McMillan, and A. W. 
Morrison. (Trans. Soc. Instrument Technology, 1958, 5, Dec., 
138-158). An investigation is described of the prediction 
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and measurement of static errors and dynamic performance 
of sheathed resistance thermometers, thermocouples, and 
vapour-pressure bulb installations. Frequency-response 
diagrams for these installations were obtained experimentally, 
and found to agree fairly well with theoretically predicted 
diagrams.—tL. D. H. 

The Life of Pt-Rh Thermocouples. H. Ehringer. (Metall, 
1954, 8, Aug., 596-598). Results of comparative tests of 
various Pt-Rh and Le Chatelier thermocouples for different 
refractories are recounted. The principal conclusion is that 
Pt-Rh/Pt thermocouples are more stable than the Le 
Chatelier thermocouple, and, protected by pure alumina, have 
a substantially longer life.—s. Gc. w. 

Optical Pyrometers. (Engineer Foundryman, 1954, 19, July, 
76-77). The facilities available for the standardization of 
optical pyrometers at the South African National Physical 
Laboratory are described and precautions necessary to obtain 
accurate results are discussed.—A. D. H. 

A Suction Pyrometer for Measuring Gas Exit Temperatures 
from the Combustion Chambers of Water Tube Boilers. R. 
Barber, R. Jackson, T. Land, and G. G. Thurlow. (J. Inst. 
Fuel, 1954, 27, Aug., 408-416). 

Temperature Measurement. J. Apraiz. (Bol. Min. Ind., 
1953, 38, Aug.—Sept., 427-434; Oct., 491-503). [In Spanish]. 
The necessity for measuring temperature and the temperature 
scales are explained. The construction of temperature measur- 
ing instruments is based on the variations in temperature of 
constant volumes of a perfect gas subjected to varying 
pressure. The determination of an international temperature 
scale is discussed. The author discusses direct contact 
methods of measuring temperature including dilatation 
thermometers, electric resistance instruments, thermoelectric 
pyrometers, Seger cones, paints, and radiation methods. 
Thermocouple sheaths are discussed and the theory of black 
bodies is outlined.—R. s. 


REFRACTORY MATERIALS 


Production of Sillimanite Refractories from Travancore 
Beach Sand Sillimanite. I. K. P. R. Chowdhury and R. Singh. 
(J. Sci. Indust. Res., 1954, 18B, Apr., 292-300). A detailed 
study was made of the behaviour of the sillimanite at various 
temperatures and its suitability for high temperature refrac- 
tories. Dense packing mixes were developed and the optimum 
forming pressure determined. The effects of temperature and 
time on the refractory properties and mullite formation were 
explored, and the action of iron-bearing slags on the refractory 
was investigated.—k. E. J. 

High-Refractory Insulating Foam Products. S. Pawlowski. 
(Prace Instytutow Ministerstwa Hutnictwa, 1954, 6, (2), 65-73). 
{In Polish]. The preparation of the following high refractory 
bricks using the foam method is described: (1) From corundum 
and lime, bulk density 0- 7-0-9 g./c.c., cold crushing strength 
20-30 kg./sq.cm. applicable for temperatures up to 1600° C. 
(2) From corundum and portland cement, bulk density 0-8- 
0-9 g./e.c., cold crushing strength 25-40 kg./sq. cm. for 
temperatures up to 1500° C. (3) From corundum and fireclay, 
bulk density 0-95-105 g./c.c., cold crushing strength 120-150 
kg./sq. cm., high refractoriness under load, high resistance to 
thermal shock, applicable for temperatures up to 1600° C. 
(4) Forsterite bricks, bulk density 1-00 g./c.c., cold crushing 
strength 40-50 kg./sq. cm. applicable for temperatures up to 
1550° C. (5) Silica bricks, bulk density 0-75-0-9 g./e.c., cold 
crushing strength 20-65 kg./sq. cm. The method of manu- 
facturing the silica bricks needs further research to prevent 
cracking on firing. The applications of various types of 
insulating refractories are discussed.—v. G. 

The Dissociation of Carbon Monoxide by Iron Compounds. 
W. R. Davis and G. R. Rigby. (Trans. Brit. Ceram. Soc., 
1954, 58, Aug., 511-523). An investigation is reported into 
the dissociation of carbon monoxide in contact with iron 
compounds, with a view to establishing the possible nature 
and mode of action of the catalyst. It is concluded that: 
(1) The iron compound must be readily reducible to metallic 
iron; (2) iron carbide is an end product; (3) catalysis is by 
adsorption; (4) the deposited carbon is thread-like and shows 
a remarkable resemblance to the long chain polymers of 
saturated hydrocarbons; and (5) The catalyst particle is 
contained in the tip of the growing thread.—p. L. c. P. 

Reduction of Wear of the Linings of Casting Ladles. Pigeau. 
(Centre Doc. Sid. Circ. Inform. Tech., 1954, (6), 1119-1128). 
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Attempts to reduce the consumption of ladle refractories are 
described. By eliminating part or all of the slag a saving in 
refractory up to 34% was achieved. The use of a special 
refractory cement to form a superior joint reduced wear by 


10% even without any reduction in slag volume.—a. a. 
The Problem of Steel Casting Refractories. Louise Halm. 
(Centre Doc. Sid. Cire. Inform. Tech., 1954, (9), 1695-1731). 


The cost and consumption of casting refractories in relation 
to that of the finished steel is discussed for various bricks and 
practices. Trials show that slag attack and reaction of the 
manganese in the metal with silica are major causes of wear, 
followed by abrasion by the jet.—a. a. 

Criterion for Controlling the Stability of a Refractory Wall 
Subjected to a Given Heating Cycle. A. Giannone. (Met. Ital., 
1954, 46, June, 225-233). [In Italian]. The author shows 
how, for a transient heating cycle, it is possible to obtain 
temperature distribution curves by means of Schmidt’s 
numerical procedure. From these distribution curves it is 
then possible to deduce, by a graphical process, internal 
stress diagrams. By relating the maximum tensile and com- 
pressive stresses to the respective collapse loads of the 
materials it is then possible to relate the stability of the struc- 
ture to the heating cycle. The influence of diffusivity, thermal 
expansion, modulus of elasticity, and wall thickness on the 
stresses set up in refractory walls can then be determined. 

Trends in Blast Furnace Linings. H. M. Kraner. (ron Steel 
Eng., 1954, 31, July, 79-81). The author describes the pro- 
gress made in blast-furnace refractories and discusses the 
uses of these refractories in hearth, bosh, and stack.—xm. D. J. B. 

Kieselguhr, Insulating Material. V. Charrin. (Chaleur et 
Ind., 1954, 85, Sept., 270-274). A short account of the use 
of kieselguhr for heat insulation is given. The thermal 
properties of kieselguhr and its occurrence in nature are 
considered.—B. G. B. 


BLAST-FURNACE PRACTICE 
AND PRODUCTION OF PIG IRON 


Smelting of Iron Ore in the Electric Furnace and Blast 
Furnace. R. Diirrer. (Von Roll Werkzeitung, 1953, 24, Nov., 
235-236). The electric blast-furnace and ordinary blast- 
furnace operation are compared and the economic advantages 
obtained when smelting iron ore in the electric low-shaft 
furnace are briefly discussed.—v. E. 

Mission to the United States of America—Notes on Cokes, 
Ores and Blast-Furnace Practice. C. G. Thibaut. (Centre Doc. 
Sid. Circ. Inform. Tech., 1954, (8), 1487-1514). Due to the 
abundant supplies of rich ore and cheap fuel, American furnace 
performance is assessed by output rather than economy. 
Details are given of American cokes and ores and of standard 
blast-furnace lines. Because of the lower sulphur content 
of American cokes and their lower coke rates, desulphurization 
is no problem arfd low slag volumes of 500 kg./ton are per- 
missible. The advantages of high top pressure operation and 
oxygen enrichment of the blast are regarded as less than 
those which would result from better burden preparation. 

The Gas-Turbo-Driven Blower for Blast-Furnace Service. 
C. E. Sayer. (J. Iron Steel Inst., 1955, 179, Apr., 359-371). 
[This issue]. 

Considerations on the Charging of Large Blast-Furnaces 
Operating on Crushed Ore—Star Distributing Top. H. Meyna- 
dier. (Centre Doc. Sid. Circ. Inform. Tech., 1954, (8), 1515- 
1526). A description is given of a new charging device in 
which the top gas does not pass through the ore during its 
fall on to the stockline. This leads to a reduction in flue dust 
losses, as has been confirmed in practice. The system also 
permits fines to be concentrated at certain points in the stack, 
a feature which, provided the unit weight of charge is well 
chosen, improves permeability and gas distribution, partic- 
ularly in large furnaces.—a. G. 

Investigation of the Desulphurization of Pig Iron by the 
Soda Ash Process. O. V. Travin and L. A. Shvartsman. 
(Izvestiya Akademii Nauk S.S.S.R., Otdelenie Tekhnicheskikh 
Nauk, 1953, (12), 1804-1811). [In Russian]. The kinetics 
of desulphurization of pig iron with sodium carbonate were 
investigated in the temperature range 1200-1600° C. Carbon- 
saturated iron practically free from manganese and silicon 
together with radioactive sulphur were used for the experi- 
ments. The additions of soda were made on the surface of 
metal in successive portions, so that before each portion was 
added, the previous portion had time to melt, spread evenly 
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on the surface of metal, and then evaporate. The degree of 
desulphurization is strongly dependent on the temperature 
and concentration of sulphur in the metal. The desulphuriza- 
tion reaction is of the second order in respect of sulphur 
concentration. Fumes evolved during the process were con- 
densed and found to contain sulphur and sodium carbonate. 
At the temperatures prevailing, sodium sulphide is evaporated 
and therefore the desulphurizing reaction is irreversible. On 
the basis of data obtained in experiments with iron of high 
sulphur content, the following stoichiometric equation for the 
desulphurizing reaction is proposed: 
2[S] + (Na,CO;) + [C] = Na.S.g + CO.g + COg. 

The removal of sulphur per unit weight of soda decreases 
with the square of the concentration of sulphur in the metal. 
The observed decrease in the efficiency of soda with increasing 
temperature is attributed to increased evaporation of soda. 


Desulphurization of Carbon-Saturated Iron: Influence of 
Silicon, Manganese, and Aluminium. E. T. Turkdogan, R. A. 
Hancock, and J. Pearson. (J. Iron Steel Inst., 1955, 179, 
Apr., 338-341). [This issue]. 

Processes Taking Place in the Blast-Furnace Bosh. I. P. 
Bardin and M. Ya. Ostroukhov. (Izvestiya Akademii Nauk 
S.S.S.R., Otdelenie Teknicheskikh Nauk, 1954, (3), 12-82). 
{In Russian]. The distribution of temperatures, gas composi- 
tions, and the composition and state of burden materials 
along the radius of the bosh were investigated during the 
production of foundry and ordinary pig irons. These explora- 
tions were carried out on a small furnace with a hearth 
13 ft. 6 in. in dia. The compositions of gas, slags, sponge iron, 
and pig iron withdrawn from positions at various distances 
from the wall of the bosh are given.—v. G. 

Possibilities of Reducing the Phosphorus Content of Cast 
Iron. R. I. Higgins. (Brit. C.I. Res. Assoc., J. Res. Dev., 
1954, 5, Aug., 390-413). An account is given of the formation, 
chemical composition, and physical structure of iron ores, 
followed by a discussion of possible methods of beneficiating 
the most important class of indigenous ores, 7.e., the phos- 
phoric ores of Northamptonshire, Lincolnshire, and Rutland. 
The behaviour of phosphorus in the blast-furnace is described 
and the possibility of its removal during smelting is examined. 
Methods of removing phosphorus outside the blast-furnace 
are also considered. (29 references).—B. G. B. 


On the Equilibrium Among the Silicon in Molten Iron, the 
Molten Slag and the H.-H.O Mixed Gas (III). K. Sanbongi, 
M. Ohtani, and H. Nakamura. (Tetsu to Hagane, 1952, 38, 
Sept., 634-639). Equilibrium data in the reduction of SiO, 
by hydrogen were obtained at 1550° and 1700° C. under 
conditions of CaO and Al,O, saturation. The liquidus on 
the CaO side of the Si0,-CaO-—Al1,0, diagram was determined 
at 1550° and 1600° C. from the equilibrium slag compositions. 


PRODUCTION OF STEEL 


The Steelworks at Gerlafingen. G. Ehrensperger and F. 
Fournier. (Von Roll Werkzeitung, 1953, 24, Nov., 237-247). 
A history of the steelworks from 1813 to 1953 is given and 
its present layout is illustrated. Steel is produced in 14 
electric furnaces varying from 6 to 12 tons capacity.—v. E. 

Some Considerations on the Preparation of Converter 
Bottoms. Delong. (Centre Doc. Sid. Circ. Inform. Tech., 
1954, (4), 760-769). A description is given of the plant at 
Rombas for crushing, grading, and blending dolomite and 
for mixing it with tar. Results are reported of bottom life 
for rammed and vibrated bottoms made from various mixes 
and fired by four different cycles. Vibrated bottoms are 
superior to those made by ramming and the best firing cycle 
is one with a long soaking time at 300°C. after which the 
temperature is raised to 600° C. for 4 hr.—a. a. 


Oxygen-Blown Basic Bessemer Steels—Their Industrial 
Manufacture and Uses. J. Wurth. (Ossature Métallique, 1954, 
19, Apr., 205-224: Iron Steel Inst., T.M.S. 217). After 
discussing the economics of the oxygen-blown basic-Bessemer 
process, the author describes the industrial applications of 
the method. Operating techniques are considered and the 
results obtained with hot and cold rolled strip, hot-rolled 
sheets, tube steel, wire, and structural steel are discussed. 

Burning Out Sulphur in Steel Produced in Small Bessemer 
Converters. N. K. Ipatov. (Liteinoe Proizvodstvo, 1954, (4), 
26). [In Russian]. Experiments are described which were 
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carried out to study variations in sulphur and phosphorus 
contents in small acid Bessemer converters. A 1-ton converter 
was used, the composition of the iron before the blow being 
2-9-3-1% C, 1-7-2-0% Si, 0-8-1-1% Mn, 0:30% Cr, 0-30% 
Ni, with sulphur and phosphorus <_0-13% and 0-15%, 
respectively. The blow lasted 15-20 min., 20 kg. of ferrosilicon 
and 13 kg. of ferromanganese being added during and after 
the blow, respectively. The metal was teemed into a ladle 
with the addition of ferrosilicon, ferromanganese, and alu- 
minium. In all cases there was less sulphur and more phos- 
phorus in the steel than in the iron, the average changes 
being 25% and 14%, respectively.—s. x. 


The Development of Basic-Bessemer Steel Production in 
Europe and the Lay-out and Construction of Basic Converter 
Steel Plants. H. Brandi. (Stahl u. Hisen, 1954, 74, Sept. 23, 
1262-1267). The expansion of basic converter practice in 
Europe since 1879 to the present time and the production 
in the various countries are discussed. The types of steel 
made and the changes in plant and operation during these 
years is reviewed.—J. P. 

Lines of Development of the Basic Blowing Process in 
Germany. K. E. Mayer and H. Kniippel. (Stahl u. Eisen, 
1954, 74, Sept. 23, 1267-1275). The role of impurities in 
determining the properties of steel is discussed in relation 
to attempts, successful and unsuccessful, to remove them by 
basic converter working. An increasing knowledge of the 
chemistry of the process and of previous and subsequent 
treatments has made it possible to produce high quality steels 
by bottom blowing.—2s. P. 

The Recovery of Metalloids from Pig Iron by the Basic- 
Bessemer Process. G. Troémel. (Stahl u. Eisen, 1954, 74, 
Sept. 23, 1275-1281). The recovery of phosphorus, manganese, 
chromium, and vanadium by means of oxidation into basic- 
Bessemer slags is discussed. Particular attention is given to 
the importance of phosphate slag in Germany’s agriculture 
and to the part which phosphorus plays in the metabolism 
of plants.—4J. P. 


New Knowledge of the Metallurgy of the Basic-Bessemer 
Process. H. Kosmider and H. Schenck. (Stahl u. Eisen, 1954, 
74, Sept. 23, 1281-1292: Iron Steel Inst., Miscellaneous Trans- 
lation Series 131). Many large and small scale experimental 
blows have been carried out at the Kléckner-Hiittenwerk, 
Haspe, with various refining gases. The conditions under 
which nitrogen are picked up have been elucidated. The 
reduction of blowing time and the proportion of cooling agents 
possible have been evaluated as a function of the oxygen 
content of the blast. Special tests have shown that nitrogen 
pick-up is to be expected whenever there is a shortage of 
oxygen in the bath. During dephosphorization, the nitrogen 
pick-up depends on the amount of nitrogen actually passed 
through the metal and upon its partial pressure in the blast. 
The removal of phosphorus, manganese, iron, and sulphur 
into the slag has been studied.—. P. 


The Susceptibility of Basic-Bessemer Free-Cutting Rimming 
Steels to Defects. H. Kniippel and K. E. Mayer. (Stahl u. 
Eisen, 1954, 74, Sept. 23, 1292-1299). The influence of 
chemical composition and operational methods, such as 
rolling temperature, on the occurrence of hot-shortness during 
rolling are presented statistically. Normal operating condi- 
tions, sufficient oxygen concentration in the bath before 
ferromanganese additions, manganese contents of 0-55- 
0-65%, and a Mn/S ratio higher than 2-4 are necessary for 
good yield of defect-free material. Rolling temperature is of 
particular importance.—,J. P. 


Deoxidation of Steel with Magnesium Alloy. N. N. In’shakov, 
A. I. Sitnichenko, and A. I. Rozhnov. (Liteinoe Proizvodstvo, 
1954, (5), 28-29). [In Russian]. Heats of steels (0-22-0-33% 
C, 0-51-0-78% Mn, 0-29-0-43% Si, 0-028-0-058% S, and 
0:044-0-053% P) produced in an acid electric furnace were 
treated with a copper-magnesium alloy (11:5% Mg) after 
deoxidation with silicon, manganese, and aluminium. One 
part of the alloy was added to every 100 parts of steel, and, 
after the end of the violent reaction, specimens were cast 
and subjected to static and impact tests at room temperature 
and at 0° C., —20°C., and —40° C. Results compared with 
those obtained for steels not heated with the alloy showed 
increases in static strength, and very pronounced decrease in 
cold brittleness. Decreases in the sulphur were also attributed 
to the action of the alloy.—s. kK. 
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The Heats of Formation of Trimanganous Phosphate and 
Trimagnesium Phosphate. C. G. Stevens and E. T. Turkdogan. 
(Trans. Faraday Soc., 1954, 50, Apr., 370-373). The heats of 
formation of these substances from their constituent oxides 
have been determined by heat of solution calorimetry. The 
heat of formation of Mn,P,0, and Mg,P,0, at 298° K. were 
found to be —105,230 + 530 cal. and —110,940 + 620 
cal. respectively.—s. G. B. 

A Note on Hairline Cracking in H.F.-Melted Low-Alloy Steel 
Ingots Weighing about 1 cwt. D. R. Wood. (J. Iron and Steel 
Inst., 1955, 179, Apr., 317-319). [This issue]. 


FOUNDRY PRACTICE 


Manganese Steel Castings. E. Piwowarsky and H. L. Roes. 
(Giesserei, 1954, 41, July 8, 357-369). The manufacture and 
metallurgy of austenitic manganese steels are first described. 
The general properties of these steels are given and the 
influence of additional elements detailed. The effect of 
different casting temperatures and wall thicknesses on the 
mechanical properties are tabulated. The microstructure of 
castings is illustrated. The determination of the castability 
and the heat-treatment are described. The influence of 
phosphorus on properties of the steel were intensively investi- 
gated. The effect of casting temperature, wall thickness, and 
the surface/volume ratio on the grain size was also examined. 

The Solidification of Steel in Sand Moulds with Particular 
Reference to the Use of Iron Chills. H. Stein. (Giesserei, 
1954, 41, July 22, 381-388). Making steel castings of compli- 
cated shape and _ solidification difficulties are discussed. 
Solidification and heat flow were studied simultaneously and 
solidification in sand casting and chill casting is compared. 
The employment of iron chills is described and illustrated. 
Radioactive examination (using cobalt,,) of the test plate 
used shows clearly the existence of blow holes. Cams of 
various lengths were cast simultaneously with test plates and 
the relationship between the height of this cam, the wall 
thickness, and the thickness of the iron chills in various 
places were obtained. Absence of blow holes were taken as 
the criterion of success.—R. J. Ww. 

Effect of the Quantity of Aluminium as Deoxidiser on Steel 
Castings. H. Nagashima. (Tetsu to Hagane, 1954, 40, Apr., 
432-436). [In Japanese]. Attempts to correct pinhole failure 
in large steel castings were made by increasing the aluminium 
content from 0-03 to 0-06% to decrease gas pressure. This 
was successful, but hot tears increased; the aluminium content 
was therefore reduced again and more ferrosilicon was used. 
Further work confirmed that aluminium had little effect on 
the properties but increased the hot tearing tendency.—kx. E. J. 

Thermit Casting. J. Steele. (Found. Trade J., 1954, 96, 
June 10, 657-661). The materials, equipment, and reaction 
procedure used for the production of steel castings by the 
Thermit process, are discussed in detail and the economics 
of the process are briefly considered.—s. c. w. 

Can the Permeability of Fine-Grained Sand Be Improved by 
Adding a Coarse-grained Sand ? P. Nicolas. (Fonderie, 1954, 
Mar., 3872-3873). Permeability tests on mixtures of fine and 
coarse moulding sands show that with 25°% coarse sand the 
permeability was only increased by 30% above that of the 
fine sand, and that an equal mixture of fine and coarse sand 
was necessary to double the permeability. On the other hand 
the addition of 20% fine sand reduced the permeability of the 
coarse sand by more than half.—n. c. w. 

The Behaviour of Moulding Sand at High Temperatures. 
P. Nicolas. (Giesseret, 1954, 41, June 24, 333-338). Measure- 
ments of the heat-resisting properties of sands such as the 
sintering point and the fusing temperature, the evolution of 
gas, and changes that occur in the sand at high temperature 
are described. Measurements of the tendency to crack, the 
thermal expansion during heating, and the hot strength of 
different sands are also described. The influence of clay 
content, kind of binder, moisture content, and additions of 
brown coal dust, pitch or wood dust on the hot strength 
has been determined. Finally, thermal expansion and hot 
strength due to scabbing were examined.—Rr. J. w. 

The Influence of Grain Size Distribution on Some Properties 
of Sand. J. H. Gittus. (Brit. C.I. Res. Assoc., J. Res. Dev., 
1954, 5, June, 318-330). Methods of plotting and describing 
grain size distribution curves are discussed and a method 
of compiling the average distance between adjoining sand 
grains is developed. The author shows how this helps to 
establish the manner in which sand conducts away the heat 
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from a cooling casting, the pressure needed to cause penetra- 
tion of sand moulds by molten metals, and the permeability 
to air.—R. G. B. 

Determination of Pouring Rate and Pouring Procedure by 
the Layer Method. S. Forslund. (Gjuteriet, 1954, 44, Aug., 
129-138). [In Swedish]. After considering flow conditions at 
the front of the melt and the mechanism of cold-shut forma- 
tion, the article deals with factors affecting critical rising 
speed. In the layer melted the mould volumes in consecutive 
horizontal layers are calculated and plotted against the 
height of the mould. The rising speed for the various layers 
is calculated from this curve and from the pouring rate. By 
comparison it is possible to determine the critical pouring 
rates for typical types of castings. Five examples are cited. 

Manufacture of Cast Iron Service Pipes. (Times Rev. Indust., 
1954, 8, Apr., 26, 29). A brief account of the production of 
cast iron pipe by the Allied Ironfounders Companies using 
the spinning process is given.—B. G. B. 

The Practice of Centrifugal Casting of Metals. (Giesserei, 
41, July 8, 370-373). The principles and limitations of 
centrifugal casting are given and the two main methods, 7.e., 
with the axis of rotation horizontal or vertical, are described. 
The effect of centrifuging is in most cases to improve the 
properties markedly. An example is given of the simple 
calculation to obtain the optimum speed of rotation. Details 
are given of suitable moulds for both the horizontal and 
perpendicular casting methods.—R. J. w. 

Factors Governing the Surface Finish of Iron Castings. J. H. 
Gittus. (Brit. C.I. Res. Assoc., J. Res. Div., 1954, 5, Aug., 
376-389). The surface roughness of iron castings has been 
estimated by an air permeability method, and related to 
sand type, moisture content, ramming density, metal com- 
position and pouring temperature. Roughness is influenced 
by the grain size distribution and permeability of the sand. 
A theory is proposed to explain the beneficial effect of adding 
carbonaceous materials to the mould. Coarse sands yield 
rough castings, but excessive moisture and clay in a fine sand 
may have a similar effect.—B. G. B. 

Dermatitis Prevention in the Foundry Industry. I’. Van 
Atta. (Foundry, 1954, 82, May, 289-298, 301). The factors 
leading to the development of skin diseases are discussed. 


HEATING FURNACES AND SOAKING PITS 


The Cost of Soaking-Pit Maintenance. H. Peters. (Stahl 
u. Hisen, 1954, 74, Sept. 9, 1212-1215). An investigation of 
the costs of maintaining a soaking pit is reported with 
reference to the damage occurring, repair work, and the 
consumption of refractory bricks. The costs involved are 
discussed individually and possible savings are indicated.—J. P. 

Heating Rolling Mill Furnaces. G. Tavernier. (Centre Doc. 
Sid. Cire. Inform. Tech., 1954, (6), 1129-1136). The use of a 
furnace fired with fuel oil containing 4% sulphur for heating 
a variety of special steel billets is described. No defects 
attributable to the sulphur were observed. The technical 
and economic conditions governing oil burner design are 
discussed.—a. G. 

New Burners Heat Skelp Faster, More Accurately. (Assoc. 
Iron Steel Eng.: Iron Age, 1954, 178, Apr. 29, 97). The 
Sparrows Point plant of the Bethlehem Steel Co. uses high 
velocity burners for heating the skelp used for making welded 
tubing. Preheated air assists the combustion which takes 
place within 34 in. and the high velocity gas stream impinges 
on the edge of the skelp rapidly raising its temperature to 
2600° F., the body of the skelp remaining at 2350° F. This 
temperature differential improves the forming and welding 
properties of the material.—a. M. F. 

Dual Frequency Induction Heating. R. S. Segsworth. 
(Canad. Metals, 1954, 17, Aug., 38-44). The induction heating 
of steel objects is first considered and it is shown that for 
heating objects completely (7.e., not surface heating), the use 
of two frequencies has many advantages. This is due to the 
great change in magnetic permeability at the Curie point 
(about 1400° F.). Frequencies which are ideal for use below 
the Curie point may be too low above it.—z. G. B. 


HEAT-TREATMENT AND 


HEAT-TREATMENT FURNACES 


Austempering Thin Steel Parts Reduces Cracks, Increases 
Toughness. C. Fay. (Mat. Methods, 1954, 39, June, 101). 
By changing over to an austempering treatment, a 4% 
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decrease in rejects has been realized, in the case of 0-003 and 
0-006 in. thick slotted heads for electric shavers. These are 
made in a high-carbon steel containing vanadium, austenitized 
for 5 min. at 1550° F. in a salt bath, and isothermally trans- 
formed to a bainitic structure for 1} hr. at 550° F.—?. M. c. 

The Réle of Water Vapor and Ammonia in Case-Hardening 
Atmospheres. P. A. Clarkin and M. B. Bever. (Trans. Amer. 
Soc. Met., 1954, 47, Preprint No. 31). Low-carbon steels were 
case-hardened at 800°, 845°, and 885°C. in atmospheres 
containing 0-5% ammonia with dew points ranging from 
—35° to +30°C. The effect of these variations on surface 
hardness, microhardness, and case depth was determined. 

Simple Test Measures Quenching Power of Salt Baths. R. F. 
Harvey. (Iron Age, 1954, 178, Apr. 8, 154-157). An eccentric 
hardenability test specimen is the basis of a new method 
for determining the effects of various degrees of agitation 
on the characteristics of hot salt baths. Five hardness readings 
are taken at the periphery of the specimen in }-in. increments 
of thickness and are plotted against section thickness. Using 
specimens of the same steel austenitized under identical 
conditions, the quenching power of various salt baths can be 
compared.—a. M. F. 

Case Hardening Steel by Nitriding. M. B. Bever and C. F. 
Floe. (Steel, 1954, 185, Aug. 9, 96-98). The advantages of 
surface hardening steels by nitriding are pointed out. The 
hardness is maintained even up to 1100° F. and the compres- 
sive stresses set up in the case improve the fatigue resistance. 
Aluminium is the most effective hardening element, with 
chromium next for nitriding purposes. The Nitralloy steels 
and Nitricast iron all contain 1% Al. In the Malcolmizing 
process of nitriding stainless steels hydrogen from the dissocia- 
tion of ammonia is used to reduce oxides and the passive 
film on the steel. The hardness of a Malcolmized case is about 
1000 Vickers. In a new two-stage process the dissociation of 
ammonia is held at 20% for 5 to 10 hr. at 975° F., and is then 
increased to 85% at 1050° F. for a period of up to 42 hr. 
depending on the case depth required.—Rr. A. R. 

Creep-Tempering Relationships in Hardened 4:5% Chro- 
mium Steels. E. C. Roberts, N.. J. Grant, and M. Cohen. 
(Trans. Amer. Soc. Met., 1954, 47, Preprint No. 36). Hardness 
and electrical resistance measurements have been used to 
delineate the second, third, and fourth stages in the tempering 
of hardened 4-5°%-Cr steels. The application of stress during 
the fourth stage, formation of (Cr,Fe),C;, produces no con- 
sistent change in the tempering reaction rate. The increased 
rate of softening of the stressed specimens at 705° C. compared 
with unstressed specimens is discussed.—a. G. 


FORGING, STAMPING, DRAWING, AND PRESSING 


Planned Safety Reduces Press Accidents. C. E. Meldrum. 
(Iron Age, 1954, 178, Apr. 1, 134-137). The importance of 
better press methods and improved safety devices as a means 
of reducing punch press accidents are discussed. Wider use 
of mechanical loading and unloading devices and standardiza- 
tion of die designs and improved safety devices are urged. 

Precision Stampings: Progressive Die Setups Permit High 
Output. J. I. Feldborg. (Iron Age, 1954, 178, Apr. 22, 170- 
172). An example of progressive die stamping is provided 
by a 350-ton press which in five operations combines drawing, 
notching, piercing, flanging, and trimming of a torque con- 
verter part. Sixty parts/min. are produced from (-050-in. 
steel strip and are held to tolerances of 0-004 in. on diameter 
and curvature. Automatic feed is provided and the press is 
equipped with controls for single stroke and continuous 
operation.—A. M. F. 

The Production of Bright Steel. (Machinery Lloyd, 1954, 
26, Aug. 28, 124-127). The techniques used by The Exors. of 
James Mills Ltd., Stockport, Cheshire, in the manufacture of 
a wide range of bright steel products are outlined. Pickling, 
cold drawing, and centreless grinding to produce stock to 
-+ 0-00025 in. are mentioned. Small sizes, below 3 in. are 
produced in a recently enlarged department. The plant 
produces over 2500 tons of bright bars per week varying from 
yy to 6 in. in dia. on rounds, squares, and hexagons. Over 
1200 flat sizes and 1600 special shapes are also produced. 

New Multi-Hole; Wire Drawing Machines with Reduced and 
Controlled Slip of the Wire on Drawing Cones. W. Nacken. 
(Draht, German ed., 1954, 5, Aug., 288-289). New slip-cone 
machines manufactured by Niehoff K.G., Nurnberg, contain 
a switching arrangement for adjusting slip, whereby power 
consumption and friction are reduced.—s. G. w. 
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Carbides for Wire-Drawing. J. Knaepper. (Tecn. Indust., 
1954, 82, June 572-573). [In Spanish]. A brief exposition of the 
theory and formule relating to wire-drawing is given, with 
a list of Spanish technical terms.—c. B. L. 


ROLLING-MILL PRACTICE 


Electric Systems for Main Drives. W. E. Miller. (Iron Steel 
Eng., 1954, 31, July, 83-94). The author described how with 
today’s technical developments it is possible to specify motor 
characteristics, to select the proper type of feedback control 
systems for rolling-mill drives, the proper regulating equip- 
ment, and to predict the system performance.—«. D. J. B. 


Comparison of Methods of Calculating Roll Pressure in the 
Hot Rolling Process. Z. Wusatowski and S. Bala. (Prace 
Instytutow Ministerstwa Hutnictwa, 1954, 6, (3), 120-132). 
{In Polish]. Roll pressure for various hot rolling mills were 
calculated using the theories of Tselikov, Trinks, Sieble, 
Ekelund, Orowan-Pascoe, and Geleji. For these calculations 
data published in Russian and German literature were used. 
For each method the authors give the final formule and 
graphs for calculating pressures. By comparing calculated 
with measured results the suitability of a given method was 
determined. In this paper only section and sheet mills are 
considered.—v. G. 


The Cause of Mechanical Surface Defects Occurring in 
Blooms and Their Prevention. T. Takashima. (Tetsu to 
Hagane, 1952, 38, Sept., 640-647). [In Japanese]. In low- 
carbon steel blooms, 14 types of defect were identified, 
classified and attributed to roll surface roughness, abnormal 
compression, and inclusions. Recommendations for preventing 
defects include rolling at high temperatures and slow speeds. 


Flexible Bar Mill Equipment Permits Fast Service, Close 
Control. W. G. Patton. (Iron Age, 1954, 178, Apr. 15, 132- 
135). Equipment of the Rotary Electric Steel Company’s 
semi-continuous bar mill is described. Plant consists of a 
44-in. blooming mill, a four-stand continuous 22 x 51 in. 
billet mill and a ten-stand bar mill which can produce rounds, 
squares or hexagonals from } to 44 in. Flexibility of equip- 
ment and operating methods permits prompt fulfilment of 
orders.— A. M. F. 

The Slabbing/Blooming and Continuous Billet Mills: Instal- 
lation and Layout. A. Marshall. (Iron and Steel Engineers 
Group, 26th Meeting, Newcastle-on-Tyne, Sept. 13-16, 1954, 
pp. 5-7). [See J. Iron Steel Inst., 1955, 179, Feb., 173]. 


Operational Experiences with the Slabbing/Blooming and 
Continuous Billet Mills. A. Henderson. (Jron and Steel 
Engineers Group, 26th Meeting, Newcastle-on-Tyne, Sept. 
13-16, 1954, pp. 8-10). [See J. Iron Steel Inst., 1955, 179, 
Feb., 174]. 

Trends in Recent Cold Mill Installations. KR. E. Noble. 
(Iron Steel E’ng., 1954, 31, July, 105-116). The author gives 
a detailed account of developments in cold rolling techniques 
over the last 25 years. Particular mention is made of rolling 
speeds. Details, both technical and operational, are given 
of multiple stand wire mills operating in the U.S.A. and one 
in France.—m. D. J. B. 

Combination Bar and Rod Mill—Los Angeles Plant. C. C. 
Brandt and P. Scarola. (Iron Steel Eng., 1954, 31, July, 72-78). 
The authors describe the Bethlehem Steel Co.’s Los Angeles 
plant which comprises modern electric steelmaking furnaces, 
high speed rolling mills, a wire mill, a bolt and nut manu- 
facturing department, a fabricated reinforcing bar department 
and laboratories. The layout and machinery of the 10-in. 
rod mill is described in detail.—m. D. J. B. 


Tension Regulator on Kaiser Temper Mill. W. R. Harris 
and L. F. Stringer. (ron Steel Eng., 1954, 31, Aug., 71-77). 
This paper discusses the magnetic amplifier tension regulator 
recently installed on the 44 in., 4000 ft./min., 2-stand, temper 
mill at the Fontana works of the Kaiser Steel Corp.—w. D. J. B. 


16 Percent Aluminium-Iron Alloy Cold Rolled in the Order- 
Disorder Temperature Range. J. F. Nachman and W. J. 
Buelher. (J. Appl. Phys., 1954, 25, Mar., 307-313). The 
fabrication of thin sheets of iron—-aluminium alloy (Al 16%) 
from cast slab is described in detail, with particular attention 
to the hot-rolling (575° C.) stage, where the ordering reaction 
may prove beneficial, and to cold-rolling from 0-007 down 
to 0-0005 in. Magnetic data are provided and some physical 
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properties of interest have been defined. These include 
oxidation and wet-corrosion resistance as well as high 
electrical resistivity.—s. 0. L. 

The Zonal Rolling Texture of Low Carbon Steel Cold-Rolled 
at Various Temperatures. C. Nusbaum and W. Brenner, jun. 
(Trans. Amer. Soc. Met., 1954, 47, Preprint No. 12). An 
X-ray examination has been made of samples taken from 
rolled products when the mill was cold, warm and hot (above 
500° F.). Surface structures were compared with those after 
removal of 25% and 50% of the sample. A new ‘ warm rolling’ 
texture (110)[110] exists mainly in the outer layers, whilst 
in the middle the (001)[110] texture is present, although less 
orientated than in cold or normal rolling.—a. a. 


MACHINERY FOR IRON AND STEEL PLANT 


Installation and Use of a Scrap Baling Press. Devernay. 
(Centre Doc. Sid. Cire. Inform. Tech., 1954, (7), 1325-1332). 
A description is given of the press and jits ancillary equipment. 
The advantages of using baled scrap are mentioned although 
the charging rate must be adjusted to the heating capacity 
of the furnace, in order to avoid chilling.—a. a. 

The Friction Characteristics of Synthetic Resin Sleeve 
Bearings. E. Wenger. (Stahl u. Eisen, 1954, 74, Sept. 9, 
1202-1212). The author describes the characteristics of 
moulded plastic bearings and their advantages and short- 
comings as compared with antifriction and metallic sleeve 
bearings. Under conditions of light loading or where tolerances 
are not critical, the plastics bearing can work successfully but, 
in general, it is not yet capable of meeting all the requirements 
of operational service.—J. P. 

Control and Drive Equipment on D-C Electric Traveling 
Crane Bridges. D. C. McCrady. (Iron Steel Eng., 1954, 81, 
July, 55-63). The author suggests a practical and simple 
method of combining the electrical and mechanical features of 
electric overhead travelling cranes, and puts forward a method 
of specifying crane operating characteristics and determining 
gear ratio, motor size, and control layout. 

The Standardization of Steelworks Auxiliary Motors. J. H. 
Messenger and C. F. Fielden. (Metropolitan- Vickers 
Gazette, 1954, 25, July, 291-300). The considerations leading 
up to the standardization of steelworks auxiliary motors are 
surveyed. The type MDX motor designed to conform to this 
standard is fully described, and discussion on its design and 
use is included.—t. £. D. 

Electrical Developments at Consett. T. Coxon. (Iron and 
Steel Engineers Group, 26th Meeting, Newcastle-on-Tyne, 
Sept. 13-16, 1954, pp. 10-14). [See J. Iron Steel Inst., 1955, 
179, Feb., 174]. 

Some Aspects of Electrical Maintenance. KR. Mathieson. 
(Iron and Steel Engineers Group, 26th Meeting, Newcastle-on- 
Tyne, Sept. 13-16, 1954, pp. 15-16). [See J. Iron Steel Inst., 
1955, 179, Feb., 174]. 

The Operation of an Industrial Power Station at Consett 
Iron Works. T. F. Hutchinson. (Iron and Steel Engineers 
Group, 26th Meeting, Newcastle-on-Tyne, Sept. 13-16, 1954, 
pp. 17-25). [See J. Iron Steel Inst., 1955, 179, Feb., 174]. 

Rail-Mounted Steelworks Bogie Crane. (Oil Eng. and Gas 
Turb., 1954, 22, May, 7). Details are given of a 10-ton diesel- 
electric double bogie shunting crane built for Colvilles Ltd., 
for their Glengarnoch steelworks. It is powered by a self- 
contained 75-kW. diesel generating set driv en by a 120-b.h.p. 
Leyland GU 600 engine. The crane’s performance and 
advantages are discussed.—tT. E. D. 


LUBRICANTS AND LUBRICATION 


Bearings, Lubricants, and Lubrication—A Digest of 1953 
Literature. (Mech. Eng., 1954, 76, Sept., 739-747). 

Testing Lubricants for the Prevention or Promotion of 
Wear. T. B. Lane. (Manchester Assoc. Eng., Advance Copy. 
Oct. 29, 1954). 


WELDING AND FLAME-CUTTING 


Recent Advancements in Continuous Butt and Induction 
Weld Pipe Mills. W. Rodder. (Iron Steel Eng., 1954, 81, 
Aug., 108-115). The author describes typical new mill 
layouts and changes in design of equipment which have made 
it possible to increase pipe production — for 4-in. pipe 
from about 500 to 1000 ft./min.—xm. p. 

Oxy-Acetylene Stress Relief of Large Welded Constructions 
in Ship and Container Construction. H. Kunz. (Schweissen 
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u. Schneiden, 1954, 6, Aug., 328-340). The stress-relieving 
treatment using oxy-acetylene burners followed by a water- 
spray arrangement is described Three examples are given: 
(1) Stress-relieving welded plates of a 45,000-ton tanker; 
(2) a welded container for liquefied gases; and (3) the welded 
seams of a cylindrical rotary kiln.—v. E. 

Induction Heat-Treatment of Welds. F. Alf. (Schweissen 
u. Schneiden, 1954, 6, Aug., 340-344). The induction heat- 
treatment for the stress relief of welds is described. In this 
method a coil is wound several times around the weld seam 
and connected to an A.C. supply. The current induced in 
the material is controlled to give just enough heat for stress 
relief. The electrical equipment is illustrated and a few 
applications are given.—v. E. 


MACHINING AND MACHINABILITY 


Modern Equipment for Machining Steel Ingots and Semi- 
finished Products. H. Hiiber. (Stahl u. Eisen, 1954, 74, 
Sept. 9, 1185-1195). Conventional dressing methods as 
applied to the cleaning of the whole of an ingot or semi- 
finished product or to local regions only are reviewed. 
Machines for the removal of the ingot skin are described, in 
particular, round and square ingot-turning lathes. Theoretical 
considerations and experimental results indicate that these 
machines should be used with a heavy cut and a slow feed. 
The operation of a milling machine for square and polygonal 
ingots is described. Hot machining has not yet reached a 
stage where it can be used commercially. The operation of 
a planing machine is discussed and illustrated. Finally, two 
special designs of machine are mentioned, one for che boring 
and the other for the turning and cutting of ingots.—.J. P. 

The Influence of Chemical Composition on the Machinability 
of Rephosphorized Open-Hearth Screw Steel. E. J. Paliwoda. 
(Trans. Amer. Soc. Met., 1954, 47, Preprint No. 10). The 
machinability advantages of sulphur depend on the nature 
and amount of the sulphide inclusions present. The desirable 
oval inclusions are favoured by low carbon and silicon con- 
tents. Carbon, silicon, and sulphur contents can be used as 
an index of machinability, and improved uniformity may be 
realized through the close control of these elements.—a. G. 

Machining Hard Metals with Electric Sparks. (Lngineer, 
1954, 198, July 2, 11-12: Brit. Engineering, 1954, 37, Aug 
61-63: Machine Shop Mag., 1954, 15, July, 358-363, 374: 
Automobile Eng., 1954, 44, July, 295-297). These articles 
describe a process of cutting with an electric spark. The 
method offers a means of working metals which are too hard 
to be easily machined by edge tools or ground by abrasive 
wheels. So far the process is limited to the production of 
holes and forms where the component can be held stationary. 
Equipment developed and manufactured by Impregnated 
Diamond Products Ltd. is used.—m. D. J. B. 


CLEANING AND PICKLING 


New System Cuts Waste Pickle Liquor Disposal Costs. D. A. 
Dahlstrom. (Iron Age, 1954, 178, Apr. 8, 150-153). Pickle 
liquor is fed to a waste acid holding tank and thence to a 
reactor tank for a controlled retention period. Milk of lime 
is fed at a constant rate to the reactor where the resultant 
slurry is agitated at high speed. Compressed air is admitted 
to increase oxidation rate of ferrous salts to the ferric state. 
Overflow of slurry flows to a disc filter where it is dewatered. 
The filtrate has a controlled pH of 7-5 and contains no sus- 
pended solids. Process can be applied to disposal of small or 
large quantities of liquor.—a. M. F. 

The Treatment of Complex Metal Finishing Wastes. K. 8. 
Watson. (Steel Processing, 1954, 40, June, 376-382, 397, 399). 
The author describes methods and plant used for the treat- 
ment and disposal of very large quantities of waste liquors 
at the Lake Erie plant of the General Electric Company. 
The wastes dealt with are: (1) Chromium bearing (266,000 
gall./day—treated with FeSO,); (2) cyanide bearing (25,000 
gall./day—treated with chlorine); and (3) acid pickle liquor 
(620,000 gall./year—treated with lime). Full details are also 
given of sludge handling and disposal, and operating costs. 

On the Brightening of Metals. S. Feliu Matas and M. Serra 
Ribera. (Inst. Hierro Acero, 1954, 7, Jan.—Mar., 48-83; 
Apr.—June, 188-207). [In Spanish]. In the first part the 
electrolytic polishing of metals is considered and a new theory 
advanced. A mathematical treatment follows and correlation 
between theory and experiment is given. In the last part 
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chemical polishing and bright plating are discussed. The 
theory of a passivation-activation cycle is shown to apply 
to all three methods. It is pointed out that simpler and 
more efficient brightening baths could result if this cycle 
were artificially impressed on the metal during polishing. 
(124 references).—P. s. 


PROTECTIVE COATINGS 


Hot Dip Aluminised Coatings. (Chem. Age, 1954, 70, May 15, 
1105-1108). The field of hot dip aluminizing is surveyed, 
and the properties of the coatings are compared with those 
of zinc coatings. ‘‘ Armco-Aluminised”’ sheet, and the 
** Al-fin”’ process are mentioned. Research by B.I.S8.R.A. 
on many aspects of the process, including surface treatment 
before aluminizing, methods of continuous aluminizing, and 
properties of the product, is outlined.—tr. E. p. 


Composition and Mechanism of Formation of the Film 
Produced on Iron by Alkali Blueing. I. V. Krotov. (Zhurnal 
Fizicheskot Khimti, 1954, 28, (7), July, 1327-1330). [In 
Russian]. Analytical and thermographic experiments on iron 
powder subjected to oxidation in alkaline media are described. 
The results are discussed with reference to the blueing of 
steel and iron in concentrated sodium hydroxide solutions 
containing sodium nitrate. The nett result of the anodic and 
cathodic processes arrived at is the formation of Fe,Q,, 
ammonia, and hydroxy] and nitrite ions. In addition, Na,FeO, 
and Na,Fe,0, may be formed. The suggested scheme of 
reactions is confirmed by thermochemical calculation. The 
layer on blued iron or steel is considered to be Fe,O, with 
an insignificant amount of adsorbed moisture.—s. K. 

Spray Packaging in Practice. J. Feasey. (Corrosion Pre- 
vention and Control, 1954, 1, Sept., 418-420, 427). The author 
covers the developments in the applications and techniques 
of spray packaging, with special reference to the ‘‘ Cocoon,” 
“* Koonkote,” and “‘ Texikoon ” methods. Typical examples 
of the problems encountered are discussed.—t. E. Ww. 

Technical Applications of High. Vacuum Metallizing. W. 
Kéhler. (Metall, 1954, 8, Aug., 618-624). The methods of 
metallizing by high-vacuum evaporation and their advantages 
are explained, and some industrial installations are described 
and illustrated.—s. G. w. 


POWDER METALLURGY 


Drawn Shapes from Metal Powders Now Possible. R. 
Steinitz, J. P. Scanlan, and F. I. Zaleski. (Mat. Methods, 
1954, 40, July, 101-103). A new technique of making iron 
powder compacts which can be subsequently drawn is 
described. In this particular application, small cups approxi- 
mately 1 in. in dia. and 1 in. high are produced by pressing 
and sintering. These cups are then formed in five draws into 
0-50 in. calibre cartridge cases.—P. M. c. 

New Methods for Finishing Powder Metal Parts. C. C. Cohn. 
(Iron Age, 1954, 178, Apr. 1, 125-128). Field tested finishing 
techniques have improved to a point where plated powder 
metal parts show superior corrosion resistance to metal parts 
plated by standard methods. Thorough preliminary cleaning 
of the pores is necessary before sealing them. Resin-base 
sealing materials are generally used.—a. M. F. 

The Sintered Powder Rolling Method and Its Economic 
Prospects. H. Franssen. (Metall, 1954, 8, May, 365-368). 
Several processes of rolling powders into sintered strip are 
critically examined, special reference being made to the 
methods of Kratky, Naeser and Zirm (see J. Iron Steel Inst., 
1951, 168, July, 324), Koehring, and Metallband G.m.b.H. 
The commercial possibilities of the methods are discussed. 


Sintered Permanent Magnets. Part II. Sintered Magnets 
Containing Aluminium and Cobalt. W. Rutowski. (Prace 
Instytutow Ministerstwa Hutnictwa, 1954, 6, (3), 133-141). 
{In Polish]. A method of producing sintered permanent 
magnets containing 8% Al, 23% Co, 14% Ni, 3% Cu, and 
the rest iron was established. The details of pressure, sintering 
temperature, and cooling rate are given.—v. G. 

Powder Metallurgy 1954. (ron Steel Inst. Symposium on 
Powder Metallurgy, Dec. 1-2, 1954). The Council of The Iron 
and Steel Institute, in association with the Institute of Metals, 
considered the time opportune to survey the advances made 
in the science and practice of powder metallurgy since the 
previous Symposium in 1947, and accordingly arranged for 
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a Symposium to be held on December Ist and 2nd, 1954. 
The following papers, which, with the discussions, will be 
published in 1955 as an Iron and Steel Institute Special 
Report, were presented: 

Metal Powders for Engineering Purposes: A Review. 
W. D. Jones. (Group I, 1-7). Methods of manufacture of 
powders suitable for use in making engineering components 
are described, and the relative properties of the powders 
are discussed. Detailed comment is given on the Héganas, 
Mannesmann, Ferrum, Pyron, National Radiator, Hus- 
qvarna, Vanadium-Alloys, Powder Metallurgy Ltd., and 
Chemico Metals processes. 

The Grinding of Metal Powders. G. F. Hiittig and H. 
Sales. (Group I, 8-10). Three types of behaviour were 
distinguished in grinding metal powders in a ball mill: 
brittle metals followed Rosin-Rammler’s law, tough metals 
were slowly abraded, and the larger grains of soft metals 
were flattened rather than broken. In the finer grades of 
soft powders an equilibrium of grinding was set up with 
the coarse powders becoming finer and the fine powders 
coarser. The influence of grinding conditions on the fineness 
of grain was studied. Wet grinding led to some reduction 
in grinding time, grinding under reduced pressure improved 
the fineness of the particles, but the presence of a hard 
component was without effect on the final grain size. The 
effect of the grain size of the original powder on the density, 
shrinkage, hardness, tensile strength, and ductility of three 
sintered steels was investigated. Decreasing grain size was 
found progressively to improve these properties. The 
properties of two sintered steels were also observed in 
relation to their methods of production. Dry grinding led 
to coarse, flattened particles, and inhomogeneous steels; 
the risk of oxidation of the powder was present with wet 
grinding. Prolonged grinding, though increasing the fineness 
of the powder and improving the quality of the steel, was 
counteracted by oxidation. The most favourable duration 
was found to be 60 hr. 

The Production and Fabrication of Tantalum Powder. 
R. Titterington and A. G. Simpson. (Group I, 11-18). 

The Powder Metallurgy of Zirconium. 1}. G. Cox and 
G. L. Miller. (Group I, 19-24). 

Powders for Magnetic Applications. G. R. Polgreen. 
(Group I, 24-29). Various commercially available magnetic 
powders with both low-loss and permanent-magnet proper- 
ties are described and a method developed in this country 
for manufacturing a wide range of iron and iron-alloy 
powders by hydrogen reduction of the metal oxides or 
chemical compounds is discussed. The technical and 
economic advantages of producing permanent magnets from 
extremely fine powders with particle or crystal size 
approaching that of a magnetic domain are indicated. An 
estimate is made of the future of magnetic powders from 
both theoretical and practical standpoints. It is shown 
that there are good prospects of using the methods and 
processes outlined in the paper to obtain much improved 
performance in comparison with present commercial mag- 
netic material. The conclusion is reached that the ideal 
material for low-loss cores and permanent magnets is pure 
iron in the appropriate physical and structural form. 


Recent Developments in Testing Metal Powders. G. R. 
Bell. (Group I, 30-37). Although developments in testing 
methods have in general been confined to improvements 
in existing equipment, much fundamental work has been 
undertaken to assess the magnitude of errors in each method 
of test and to correlate the different methods with each 
other. Routine control analyses are now well catered for. 
American Standards are increasing in importance in a 
gradually extending field. Of possibly greater importance 
is the work being undertaken on automatic counting and 
sizing of particles, as much larger numbers may be counted 
without the human element of error, and microscopic 
counting is still regarded by many as the ultimate reference 
in size analysis. (107 references). 

Application of Particle Size Analysis to the Quality Control 
of Metal Powders. V. T. Morgan. (Group I, 38-43). The 
anomalous behaviour of metal powders which appear 
identical on the basis of empirical tests is ascribed to changes 
in some unmeasured fundamental properties. The particle 
size distribution, itself a fundamental property, is not easily 
determined beyond the limits of screening. An apparatus 
is described for estimating it on a routine basis. Examples 
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are given of the influence of sub-sieve analysis on the 
empirical properties of copper powder, on the behaviour 
of tin powder for bronze production, and on the behaviour 
of iron—copper alloys. 

Determination of the Gas Contents of Materials of Powder- 
Metallurgy Practice. H. A. Sloman. (Group I, 44~49). 
The difficulties associated with the determination of the 
gas contents of metal powders, compacts, and sinters 
arising from the large surface areas of these materials are 
discussed, and outlines of the methods available for the 
determinations are given. The capsules necessary to hold 
the materials for an analysis by the vacuum-fusion method 
are described, and examples are given illustrating the very 
great gain in accuracy which is obtained if the containers 
are made from pure iron instead of steel. In conclusion, 
a selection of typical gas contents of a large number of 
different metals is presented for reference. 


Factors Influencing the Reactivity of Solids with Particular 
Reference to Metals. J. A. Hedvall. (Group I, 50-53). 
The author gives a short survey of the principal ways of 
influencing the reactivity of solids in general and metals 
in particular. He draws attention to recent physico- 
chemical investigations which bear out the results of 
metallographical researches and X-ray and radio-tracer 
studies. 

The Mechanism of Infiltration. P. Schwarzkopf. (Group 
II, 1-4). A distinction is made between two stages of the 
infiltration process: after the pore volume of the skeleton 
is filled by the liquid infiltrant, the system is generally 
kept at infiltration temperature so that sintering takes 
place in the presence of a liquid phase. During both stages— 
infiltration proper and liquid-phase sintering—surface free 
energy is the driving force. Special attention is directed 
to structural changes taking place during the second stage; 
and evidence is presented indicating that these changes, 
at least in some systems, include a disruption of the 
skeleton. 

The Sintering Mechanism of Pure Metals, Including 
‘ Activated Sintering.’ M. Eudier. (Group II, 5-9). Dif- 
ferent theories are proposed for the sintering phenomena 
and a choice is made from these. Sintering can be acceler- 
ated by certain reactions—physical or chemical—taking 
place in the powder compact or its surrounding atmosphere. 
One of these accelerating methods can be used industrially 
and seems to be valuable. 

The Variation of Thermoelectric Force during Sintering. 
G. Ritzau. (Group II, 9-13). The isothermal change of 
the thermo-e.m.f. (AH) of a heterogeneous binary mixture 
(50/50 copper-nickel) during the formation of a solid solution 
was studied by subjecting a compacted rod to a temperature 
gradient. The contributions of the individual volume units 
to the total thermo-e.m.f. were determined on the cooled 
specimen. It follows from the linear nature of the equation 
loggAH = f(1/7') that the kinetics of the diffusion process 
Cu + Ni = Cu — Ni solid solution are reflected by the 
changes in thermo-e.m.f. 

The Designation of Powders and Sintered Materials by 
Means of the Properties of Pore Volume. K. Torkar and 
G. F. Hiittig. (Group II, 14-17). The application of the 
mixed-system theory to porous systems enables the 
structure of such systems to be characterized by means of 
a coefficient of structure. The properties essential for this 
purpose are the gas diffusion and gas permeability through 
the pores. A relationship is derived between the constants, 
given by various authors, describing the structure of a 
porous system. These constants are the shape factor of 
the pores ky, the Kozeny factor k, the labyrinth constant 
x, the coefficient of structure K, and the shape factor of 
the powder particles y. The determination of these factors 
gives information about the powder and its behaviour 
during sintering. 

Pore-Size Distribution and Permeability of Porous Metal 
Materials. P. R. Marshall. (Group II, 14-17). The deter- 
mination of the size distribution of the pores present in 
sintered porous metal plates by observation of the capillary 
rise of a liquid in them is described in Part I of the paper. 
The rise is made small by increasing the force tending to 
make the liquid flow out of the pores, by means of a centri- 
fuge. The linear parameter of pore size thus determined 
is equal to 2A/P, where A is the cross-sectional area and P 
is the perimeter of the pore. In Part II an equation is 
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developed by which the permeability of porous metal plate 
can be calculated from pore-size distribution data. The 
equation is applicable to any porous material and is 
independent of the shape of the pores present. The per- 
meabilities so calculated are in approximate agreement with 
those determined. 


Filter Elements by Powder Metallurgy. V. T. Morgan. 
(Group IT, 27-35). In the first section, the characteristics 
of filter elements produced from spherical metal powder 
are considered from the theory of the packing of spheres. 
The construction of uniform spherical packings, from the 
most open to the closest, is demonstrated, and the porosity 
and pore size are deduced for the five basic systems. The 
case of non-uniform spheres graded within a size factor of 
two is considered. Permeability is defined and the failure 
of Darcy’s law at high streaming velocities is demonstrated. 
An expression for Reynolds’ number is developed in terms 
of the specific surface of the filter element, and the critical 
value for a range of pore sizes is given. The problem of 
relating porosity and permeability in one comprehensive 
expression to cover all materials and systems of packings 
is stated with reference to the packing of uniform spheres. 
In the second section, the degree of inter-particle welding 
produced during sintering is related to its effect upon the 
mechanical strength, porosity, permeability, and pore size. 
The results of filtration tests with suspensions of known 
particle size and filters of known maximum pore size are 
given. The dependency of filtration efficiency upon both 
the pore size and the sediment size is deduced. Methods of 
estimating the effective pore size are compared. The 
commercial importance of the permeability/pore-size 
relationship is discussed with reference to other filter 
materials. 


Relationships Between the Properties of Iron Powders 
and Powder Compacts. F. V. Lenel, H. D. Ambs, and E. O. 
Lomerson, jun. (Group II, 36-42). Iron powders were 
prepared in the laboratory by reducing a reagent grade 
of Fe,0O, in hydrogen. The temperature of reduction of 
the oxides was varied from 760° to 980° C. (1400-1800° F.). 
The resulting sponges were broken up by wire brushing, 
treating with mortar and pestle, dise milling, and hammer 
milling. All powders had a low oxide content with ‘ hydrogen 
losses’ below 0-2%. A particle size fraction of 53-74 
microns was obtained by sieving. 

The surface configuration of the powder particles pro- 
duced was illustrated by photomicrographs, and the specific 
surface, apparent density, flow rate, and compressibility 
of the powders were determined. The powders were 
pressed into tensile specimens at a series of pressures, and 
the specimens were sintered in hydrogen at 1150°C. 
(2100° F.) for 1 hr. and tested for tensile strength and 
elongation. The properties of the compacts were plotted 
as a function of their sintered density. 

Increasing the temperature of reduction and increasing 
the severity of the method of comminution both make 
the powder particles less irregular and smoother. The 
same changes in the preparation of the powder cause a 
decrease in the tensile strength of compacts pressed and 
sintered from the powders. It is therefore postulated that 
the surface configuration of the powder particles is directly 
related to the tensile strength of the compacts. It is shown 
that this relationship is not merely a consequence of the 
fact that with the more drastic methods of comminution 
small protuberances are broken off the particles during 
comminution. 

No direct relationship could be established between the 
specific surface of the powders and the strength of the 
compacts. Although the compressibility of the powders 
increases with increasing temperatures of reduction and 
more severe methods of comminution, the relationship 
between surface configuration of the powder particles and 
tensile strength of the compacts holds, even if the tensile 
strength of the compacts is plotted as a function of com- 
pacting pressure rather than sintered density of the com- 
pacts, 

Pressing Characteristics of Air-Atomized Copper Powder. 
A Duffield and P. Grootenhuis. (Group II, 42-47). 

Grain Growth During Sintering. H. H. Hausner. (Group 
II, 48-58). The fundamentals of grain growth in metals 
are described and the equations governing recrystallization 
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and grain growth in solid metals are discussed. Recrystal- 
lization during sintering is shown to be affected by the 
degree of cold work during mechanical comminution of the 
powder particles and during pressing the powder in the 
compacting die. During sintering, and sometimes also 
during compacting, nucleation occurs. The subsequent 
grain growth, however, is, to a certain extent, hindered 
by the porosity of the powder compact, especially during 
the earlier stages of sintering. It is shown that the grain 
boundary migration is not only delayed by voids but that 
certain grain boundaries prefer to be closely connected to 
the pores. It is finally shown that the equations for grain 
growth are to be modified for the grain growth during 
sintering of metal powders. 

The Hot Compacting of Metal Powders. J. Williams. 
(Group II, 58-70). The hot-compacting behaviour of copper, 
iron, aluminium, thorium, zirconium, silver, magnesium, 
and beryllium were investigated dilatometrically, and the 
results were found to be most readily interpreted as a two- 
stage process of densification. It is during the second stage 
of densification that diffusion is likely to be the controlling 
process, but the position is not so clear as for the preceding 
stage. Possible effects to be expected as a result of the 
proposed modes of densification are outlined, and certain 
points of technological importance are given. 

The Hot Pressing of Ceramics with Particular Reference 
to Beryllia. P. Murray. (Group II, 71-77). 

The Continuous Compacting of Metal Powders. P. E. 
Evans and G. C. Smith. (Group II, 77-82). Copper powder 
has been compacted by direct rolling to produce a con- 
tinuous length of metal strip, and the properties of this 
strip are presented and discussed. 

Effect of Small Boron Contents on the Properties of 
Compacts Prepared by Vacuum Sintering. F. Freyn and 
W. Hotop. (Group II, 83-94). The advantages of vacuum 
sintering are stated, and the effect of small boron additions 
to certain sintered materials has been studied, particularly 
on their densities and magnetic properties. The effect of 
boron on alloys of the Alnico-400 type and on pure iron is 
recorded in detail. 

Sintering Furnace Atmospheres. L. D. Brownlee, R. 
Edwards, and T. Raine. (Group II, 89-94). The various 
types of sintering itmospheres employed in the practice of 
powder metallurgy are discussed. Methods of controlling 
these atmospheres, and the various kinds of furnaces in 
use, are considered, as are some of their applications. 

Some Developments in Sintered Structural Parts. C. J. 
Leadbeater. (Group III, 1-11). The scale of American and 
European production of sintered parts is assessed, and 
modern activities in design and in compaction of parts are 
indicated. The following developments are briefly described: 
alloy-infiltrated iron, alloy steels, porous stainless steel, 
brass, friction linings, Fluon-impregnated bearings, alu- 
minium alloys, finishing of parts, and specifications. 

Experiments on the Production of High-Strength Material 
and Parts by Powder Metallurgy. L. Harrison and S. Marton. 
(Group III, 11-19). An account is given of general results 
obtained when producing high-strength material from metal 
powders using three different techniques, viz., single pressing 
and sintering at high temperatures, double pressing and 
sintering, and infiltration of a porous-iron sintered compact 
with copper-base alloys. The results and field of application 
of the three processes for the production of engineering 
parts are discussed and the advantages and disadvantages 
of each for the production of such parts are described. 


Sintered Nickel Steel and Notes on Other Sintered Alloys. 
8. C. Wilson and P. J. Ridout. (Group III, 20-26). This 
paper describes the development of sintered nickel steel 
to the stage at which it became a commercial proposition 
for the production of engineering components by single 
compacting and sintering operations. A specification for a 
sintered nickel steel, with a tensile strength approximately 


equivalent to that of mild steel, which can be cyanide: 


hardened, gun browned, or chromium plated is described, 
and photographs are included of various engineering com- 
ponents which are being produced on a mass-production 
scale. The effects are described of (a) additions of 2-20% 
Ni to iron powders of varying particle gradings, (b) additions 
of carbon and manganese, and (c) varying the sintering 
conditions. The mechanical properties of some sintered 
alloys are included. 
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Solid Stainless-Steel Compacts from 18/8 Austenitic 
Powders. B. Sugarman. (Group III, 27-31). This paper 
describes initial exploratory work on the production of 
stainless-steel high-density compacts of high strength. Four 
types of pre-alloyed stainless-steel powder have been 
examined, three of the austenitic 18/8 variety and the fourth 
a 20/12 3% W grade. Some of the powders were limited 
in particle size grading and quantity, and special blends 
of powder were therefore examined. The three 18/8 
powders have been examined by comparing the porosity 
and strengths of compacts made under identical conditions 
of compacting at loads from 35 to 50 tons/sq. in. and 
sintering for 1 hr. at 1300°C. in a cracked-ammonia- 
atmosphere furnace. The powder showing the best proper- 
ties was then compared under similar conditions, but using 
a ‘maximum-density blend’ of powder with the fourth 
higher-alloy powder and also with the best 18/8 powder 
with slight additions of molybdenum disulphide. These 
experiments confirmed the earlier series of tests in that the 
standard 18/8 powder provided the densest, strongest 
compacts. Photomicrographs typical of the structures 
obtained in these compacts are presented, in addition to 
photographs of a selected fraction of the basic powders. 
It has not been possible, as yet, to observe any correlation 
between microstructure and properties. 


Porous Stainless Steel. Part I—General Introduction and 
Scope. D. A. Oliver and S. C. Wilsdon. Part II—Production 
of 18/8 Austenitic Stainless-Steel Powder. P. R. Marshall. 
Part I1I—Permeability and Mechanical Strength of Porous 
Stainless-Steel Plate. B. Sugarman. Part IV—Porous 
Stainless-Steel Filters: Their Development and Use. B. 
Sugarman and G. Collins. Part V—Porous Gas-Turbine 
Blades from Stainless-Steel Powders. B. Sugarman and 
C. T. J. Jessop. (Group III, 32-46). This composite paper 
describes the production of austenitic stainless (18/8) 
powder by an electrochemical disintegration method, and 
its use in connection with filters and porous gas-turbine 
components. 

The Porosity and Air Permeability of Sintered Iron and 
Iron-Copper. C. J. Leadbeater and S. Turner. (Group 
III, 47-52). Compacts of sintered iron of varying porosity 
(17-49%) and iron—copper (21-2-51-4%) were prepared in 
standardized conditions under different compacting pres- 
sures. The air permeabilities of the compacts were deter- 
mined at low air-flow rates, to ensure the validity of 
application of Darcy’s law for calculating the permeability 
coefficient. The relationship between the permeability 
coefficient « and the porosity P of both sintered iron and 
iron-copper conformed to the equation « = bP”, where b 
and n are constants for a given grade of material. The 
exponent n does not appear to be a characteristic for a 
given metal or alloy, as the values obtained for iron ranged 
from 4-4 to 6-0 and those for iron—copper from 5-3 to 
8-2; it is therefore a characteristic of the physical condition 
of the porous material. The permeability coefficient « 
increased with increasing particle size of the powder, with 
increasing sintering temperature for a constant porosity 
value. 

Low-Expansion Nickel-Iron Alloys Prepared by Powder 
Metallurgy. V. Thomas and D. J. Jones. (Group III, 
52-55). This paper illustrates how powder-metallurgy 
methods have been used to obtain information about the 
expansion characteristics of the nickel-iron alloys. A close 
relationship exists between mean coefficient of expansion 
over the temperature range 20-500° C. and nickel content, 
and good agreement with results for hypothetically pure 
alloys has been obtained. 


Application of Powder Metallurgy to the Production of 
High-Permeability Magnetic Alloy Strip. E. V. Walker, 
D. K. Worn, and R. E. 8S. Walters. (Group III, 56-60). 
The production of alloy strip of the Permalloy C or Mumetal 
type (77% Ni, 14% Fe, 4% Mo, 5% Cu) by the powder- 
metallurgy technique is described. Comparison is made 
between the magnetic permeability attainable in this 
material and in melted and cast alloys of commercial 
quality. 

Fatigue Properties of Sintered Copper Compacts. O. J. 
Dunmore and G. C. Smith. (Group III, 61-65). 

Production of Sintered Copper-Lead Bearing Material. 
W. E. Duckworth. (Group III, 65-70). 
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Properties and Testing of Sintered Copper—Lead Bearing 
Materials. P. G. Forrester and W. E. Duckworth. (Group 
III, 71-73). 

Fluon-Impregnated Self-Lubricating Bearing Materials. 
A. Blainey. (Group III, 74-87). This paper describes the 
preparation and testing of true ‘ oil-less ’ bearing materials, 
consisting of a porous metallic matrix loaded with Fluon 
(polytetrafluorethylene). 

Sintered Aluminium Powder. R. Irmann. (Group III, 
88-93). 

Preparation of High-Modulus Aluminium Alloys by 
Powder Metallurgy. N. F. Macdonald and C. E. Ransley. 
(Group III, 94-100). 

Powder Metallurgy of Magnesium. D. J. Brown. (Group 
IIT, 100-104). 

Developments in High-Density Alloys. E. C. Green, D. J. 
Jones, and W. R. Pitkin. (Group IV, 1-4). Manufacturing 
procedures for a series of high-density sintered tungsten— 
nickel-copper and tungsten-nickel-iron alloys are given, 
together with a comparison of their mechanical properties, 


The High-Temperature Strength of Some Co-Ni-Fe—Cr- 
Base Materials Made by Powder Metallurgy. G. T. Harris 
and H. C. Child. (Group IV, 5-12). A study has been 
made of the effect of the base composition of Co—-Ni-Fe—Cr 
alloys, and of strengthening carbide and refractory metal 
additions to the base, on the creep strength at 850° C. of 
such materials made by powder-metallurgy techniques. 
Alloying elements and carbides have been shown to have 
an effect on the creep and rupture strength of sintered 
materials similar to that on forged materials. Cobalt-base 
alloys, again as with forged carbon-containing alloys, are 
stronger than the nickel- or iron-bearing equivalents. The 
best of the alloys has a 100-hr. rupture strength of about 
5 tons/sq. in. at 850°C., 7.e., about 50% of that of the 
best austenitic materials available today. 


Preparation and Properties of Titanium and Titanium 
Alloys Prepared by Sintering. D. A. Robins, W. R. Pitkin, 
and I. Jenkins. (Group IV, 12-19). 

Sintered Titanium Carbide Alloys. E. M. Trent and A. 
Carter. (Group IV, 20-24). 

The Testing of Ceramal Materials with Particular Refer- 
ence to a Simple Titanium-Carbide—Cobalt Material. T. W. 
Penrice and D. H. Shute. (Group IV, 25-29). 

The Creep Strength of Titanium Carbide Base Materials. 
G. T. Harris, H. C. Child, and J. F. Howard. (Group IV, 
30-40). 

Silicides of the Transition Metals of the 4th, 5th and 6th 
Groups of the Periodic Table. R. Kieffer and F. Benesovsky. 
(Group IV, 40-49). 

Effect of Carbon Content on the Properties of Tungsten- 
Carbide-Cobalt Hard Metal. L. D. Brownlee, R. Edwards, 
and T. Raine. (Group IV, 50-52). 

Chromium Carbide in Hard-Metal Alloys. J. Hinniiber 
and O. Riidiger. (Group IV, 53-58). 

Metal-Ceramic Bodies. A. E. S. White, F. K. Earp, T. H. 
Blakely, and J. Walker. (Group IV, 59-62). Factors 
bearing on the choice of metals and ceramics as partners 
are discussed. Methods of making ceramics are sum- 
marized, and the properties of metal-ceramics, and factors 
influencing their properties, are reviewed. 

Development of Metal-Ceramics from Metal-Oxide 
Systems. J. R. Baxter and A. L. Roberts. (Group IV, 
63-72). In the first part an investigation of the wetting 
and bonding characteristics of a range of binary nickel 
(and cobalt) alloys on sintered alumina is reported. The 
second part is a study of the system silver—cuprous-chloride— 
alumina. (26 references). 

The Rupture Strength of Some Metal-Bonded Refractory 
Oxides. G. T. Harris and H. C. Child. (Group IV, 73-78). 
A study has been made of the creep strength at 850° C. of 
a series of metal—-ceramic alloys using most of the com- 
mercially available refractory oxides bonded with cobalt, 
nickel, chromium, and iron, or heat-resisting alloys with 
these elements as a basis. The 100-hr. strength of the best 
of these materials compares favourably with known 
austenitic materials when density is taken into account and 
the comparison is made on a strength/weight basis. All 
the compositions studied were extremely brittle. This, 
together with their probable low thermal shock resistance, 
would limit their commercial application. 
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PROPERTIES AND TESTS 


Mechanical Properties and Tests. J. B. Campbell. (Mat. 
Methods, 1954, 40, July, 109-132). A comprehensive glossary 
of about 100 terms representing the most important properties 
and tests of the common engineering materials is presented. 


Further Evaluation of Graphs Obtained in The Chévenard 
Microtensile Testing Machine. H. Hendus and H. Rohrig. 
(Metall, 1954, 8, May, 391-393). The authors develop formule, 
with the aid of which the rates of loading and of straining, and 
the elastic modulus may be deduced from the Chévenard 
load-extension diagrams, given certain machine constants. 


The Elastic Limit and Yield Behavior of Hardened Steels. 
H. Muir, B. L. Averbach, and M. Cohen. (Trans. Amer. Soc. 
Met., 1954, 47, Preprint No. 23). The elastic limit and initial 
yielding of heat-treated steels has been studied by a method 
of high strain sensitivity. The elastic limit is shown to be 
equivalent to the stress above which there is increasing 
permanent deformation on repeated tensile loading to a given 
value. Except where brittle fracture occurs, the yield, tensile 
and fracture strengths decrease with decreasing hardness as 
the tempering temperature is raised.—a. G. 


The Behaviour of Metals under Tensile Loads of Short 
Duration. J. Gibson. (Proc. Inst. Mech. Eng., 1952-53, 1B, 
(11), 586-550). The dynamic yield strengths of various steels, 
brass, and aluminium alloys were determined using constant 
loads of 5 and 10 millisec. duration. The loads were applied 
by the longitudinal impact of a brass bar 58 ft. long. For 
materials with smooth stress-strain curves the application 
of a short-duration load, in general, produces a smaller 
permanent strain than does the same static load. For the 
10-millisec. loadings, the ferrous materials showed increases 
varying from 1 to 20%. For material with a yield point a 
delay period before yielding was observed, the delay being 
related to the magnitude of the upper yield stress, and the 
lower yield stress being related to the speed of deformation 
of the specimen.—P. M. C. 


The Influence of Temperature and Rate of Strain on the 
Properties of Metals in Torsion. ©. E. Work and T. J. Dolan. 
(Illinois Univ. Eng. Exper. Sta. Bull., No. 420, 1953, 51, 
Nov.). Experimental work is described for the determination 
of the effect of temperature and rate of strain on the strength, 
ductility, and energy-absorbing capacity of several ferrous 
and non-ferrous metals. An increase in strain-rate was 
generally found to increase strength but an increase in 
temperature reduced the strength of all metals tested except 
steel in its blue-brittle temperature range. (132 references). 


Hardness Plateaus and Twinning in Explosively Loaded 
Mild Steel. J. Pearson and J. S. Rinehart. (J. Appl. Phys., 
1954, 25, June, 778-781). The existence of critical stresses 
for twinning is deduced from the hardness plateaux and 
increasing number of twin directions found in hardness— 
distance measurements along radii of cross-section of a steel 
cylinder in which an explosive charge was ignited.—J. 0. L. 


Delayed Yield and Strain Rate and Temperature Dependence 
of Yield Point in Iron. T. Yokobori. (J. Appl. Phys., 1954, 
25, May, 593-594). A unified explanation of delayed yield 
and of strain rate and temperature dependence of the yield 
point of iron was attempted on the basis of the Cottrell locking 
theory, taking internal stress into account. The energy of a 
dislocation required to fit existing data is small by an order 
of magnitude compared with the value theoretically estimated 
by Mott and Nabarro. The distance, calculated from the 
value of internal stress, between dislocations assembled at a 
grain boundary is of a reasonable order of magnitude. It is 
suggested that the mechanism of yielding may change from 
Cottrell type to Mott-Nabarro or Frank-Read type when 
applied stress falls below some limiting value.—s. o. L. 


The Formation of Slip Bands on Plastically Deformed Metal 
Surfaces. Part IV. W. Spath. (Metalloberfliche, 1954, 8, 
Aug., 4113-al17). The regularity in the amount of slip in 
slip bands produced in plastic deformation is explained by 
the assumption of the formation of a plastic layer. The zones 
bounding such a layer are displaced relatively in consequence 
of relaxation phenomena, and these displacements are fixed 
on solidification. Other factors on which slip band formation 
depends are outlined.—t. D. H. 
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A Room Temperature Photo-Elastic Technique for Three- 
Dimensional Problems. J. H. Lamble and S. E. A. Bayoumi. 
(Proc. Inst. Mech. Eng., 1952-53, 1B, (12), 575-579). The 
composite model or ‘ sandwich’ technique, in which a thin 
layer of Catalin 800 is cemented between Perspex is described. 
Provided the elastic properties of the Catalin are brought 
into line with those of the Perspex by suitable curing, the 
stresses in the Catalin layer can be studied by loading the 
composite model in a tank of liquid (medicinal paraffin) having 
a refractive index comparable with that of Perspex. The 
method and its accuracy are demonstrated by tension tests 
on round bars with semicircular notches.—?. M. c. 

Frozen Stress Phenomena in Photo-Elasticity. H. Fessler. 
(Proc. Inst. Mech. Eng., 1952-53, 1B, (12), 613-619). The 
photoelastic behaviour of Marco Resin SB.26c, Fosterite, and 
Bakelite in tensile tests at various temperatures and stresses 
are described. (11 references).—P. M. Cc. 

The Use of Gelatin Models in Structural Analysis. J. D. C. 
Crisp. (Proc. Inst. Mech. Eng., 1952-53, 1B, (12), 580-588). 
The use of gelatin as a photoelastic material capable of 
revealing body-forces in large masses is described. Information 
is given on model construction and the influence of model 
thickness, temperature, and polariscope design. (20 refer- 
ences).—P. M. C. 

The Fracture of Steel. J. E. Russell. (J. B’ham Met. Soc., 
1954, 34, Mar., 3-27). Modern work on ductile and brittle 
fracture is reviewed. Fundamental ideas on the stress con- 
ditions leading to either type of failure are discussed.—P. M. Cc. 

Brittle Fracture, with Special Reference to Liberty Ships. 
A. A. Wells. (J. Soc. Eng., 1954, 45, Apr.-June, 57-65). The 
characteristics and mechanics of brittle fracture are discussed 
and it is pointed out that, although notched specimens 
behave differently from large structures, notched bar tests 
are of value both in comparing the transition temperatures 
of different steels, and in tracing the changes in steel-making 
technique necessary to obtain steels with lower transition 
temperatures. Such tests have led to three important dis- 
coveries: (1) Lower transition temperatures can be obtained 
by grain control using small additions of aluminium and 
silicon; (2) a high Mn/C ratio has a beneficial effect; and (3) 
thick plates show higher transition temperatures and greater 
tendency to fracture than thin ones. Notch brittle fractures 
in mild steel structures may be classified broadly into two 
groups: (1) Fractures from faults in welds; and (2) fractures 
from zones which have suffered cold work. Remedial measures 
are briefly indicated.—t. E. w. 

The Resistance of Welded Structures to Fatigue. Z. Garcia 
Martin. (Cien. Tecn. Solda., 1954, 4, Jan.-Feb.; Mar.-Apr.). 
In Spanish]. 

Effects of Residual Stress on Fatigue Life of Metals. R. L. 
Mattson. (Steel Processing, 1954, 40, June, 365-375, 390). 
The author discusses the effect of residual stresses on fatigue 
life and on spalling types of failure. Typical examples and 
results are quoted. Various causes of residual stress, notably 
heat-treatment, machining, grinding, cold working, and 
straightening, are analysed.—P. M. Cc. 

The Effect of Grinding on the Fatigue Strength of Steels. 
D. N. Cledwyn-Davies. (Inst. Mech. Eng., Preprint, 1954, 
Sept. 30). Results are given of an investigation to determine 
the effects of cylindrical grinding on the fatigue strengths of 
four steels: (1) 0-14% carbon (tensile strength 27 tons/sq. in.), 
(2) 0-58% carbon (45 tons/sq. in.), and (3) two Ni-Cr—-Mo 
(80 and 62 tons/sq. in.). It is concluded that if grinding is 
carried out carefully and under good grinding conditions, no 
significant reduction in fatigue strength is caused.—P. M. c. 

Improved Hardening Technique. E. M. H. Lips an dH. van 
Zuilen. (Metal Progress, 1954, 66, Aug., 103-104). Unusually 
high yield and creep strength associated with excellent ducti- 
lity have been obtained from wire and strip which has been 
cold worked in the austenitic state (i.e., below the nose of the 
isothermal transformation curve) and then transformed during 
air cooling. With a 4-5%-Ni 1-5%-Cr 0-35%-C steel, 
hardened by the new technique, the following properties were 
obtained: (Data for conventional technique in brackets) yield 
point 259,000 (400,000) Ib./sq. in., Rockwell hardness C58 
(C56-5), elongation 2% (12%), and reduction of area 5% 
(42%).—-B. G. B. 

Optical Instruments for Materials Testing and Surface 
Examination. A. Metz. (Metall, 1954, 8, Sept., 677-680). 
The following instruments are briefly described and illustrated: 
The Metallux microscope, Bollenrath dilatometer, Durimet 
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microhardness tester, the Schmaltz surface scanning micro- 
scope, and the Forster surface tester.—J. G. Ww. 

Fatigue Tests on Rolled Alloy Steels Made in Electric and 
Open-Hearth Furnaces. P. H. Frith. (Iron Steel Inst. Spec. 
Rep. No. 50, 1954). The possibility of a relationship between 
the inclusion count data and the fatigue strength of steel 
has been investigated over a long period. The principal steels 
used were (a) low-alloy chromium-nickel—-molybdenum steels 
heat-treated to 60, 80, and 110 tons/sq. in. tensile strength 
and (b) chromium steels heat-treated to 750 diamond pyramid 
hardness. With steels (a) heat-treated to 60 tons/sq. in 
tensile strength the inclusions did not appear to be detri- 
mental to the reversed bending and reversed torsional 
longitudinal or transverse fatigue properties. At 80 tons/sq. in. 
tensile strength the inclusions began to be detrimental to 
the transverse bending fatigue properties, and at 110 tons/ 
sq. in. they were detrimental to both the longitudinal and 
transverse reversed bending properties. Undeformed spherical 
silicate inclusions caused the greatest decrease in fatigue 
strength. Tests on steels (b) showed that the best fatigue 
properties were obtained from neutral or acid O.H. steel, or 
from steel from a basic-lined arc furnace made with a siliceous 
slag.—-R. A. R. 

Symposium on the Non-Destructive Testing of Materials— 
Methods—Instruments. (Berg hiittenminn. Monatsh., 1953, 
98, July-Aug., 122-186). This symposium was held at the 
Montanistische Hochschule, Leoben on October 30 and 31, 
1952. The papers presented were: 

The Nature of, and Possible Developments in, Non- 
Destructive Testing. R. Mitsche. (121-123). 

Testing with X-, Gamma-, and Beta Rays. R. Berthold. 
(123-126). 

Artificial Radioactive Isotopes in the Non-Destructive 
Testing of Materials. E. A. W. Miiller. (126-130). 

Philips Instruments for Non-Destructive Testing. E. 
Schlosser. (130-135). 

Cameras and Apparatus for Fine-Structure Determina- 
tion. E. A. W. Miiller. (135-139). 

Testing Materials with Radioactive Isotopes. H. Juvan. 
(140-141). 

Practical Application of Radioactive Isotopes in the Non- 
Destructive Testing of Materials. E. Mittli. (141-145). 

Portable 175-kV./5 m.amp. ERESCO Industrial Radio- 
graphic Equipment. E. Mittli. (145-147). 

Introductory Remarks on Ultrasonic Testing. H. Krainer. 
(147-149). 

Testing Materials by Ultrasonic Visual Methods. R. 
Pohlman. (149-150). 

Routine Testing of Small and ——— Articles with 
the “ Sonometer.” R. Pohlman. (151-152). 

Ultrasonic Equipment. H. Juvan. (152-154). 

Testing with Pulsed Ultrasonic Instruments. H. Kraut- 
kramer. (154-156). 

The Elektrofona Ultrasonic Instrument. EE. Krainer. 
(156-157). 

Technical Requirements of Pulsed-Wave Ultrasonic 
Apparatus for the Non-Destructive Testing of Materials, and 
Their Fulfilment. The Siemens-Reiniger Instrument. A. 
Lutsch. (157-162). 

* Echotest and Porotest °—New Methods and Possibilities 
in the Non-Destructive Testing of Materials with Ultrasonics. 
A. Siedhianho. (162-165). 

Testing Materials with Ultrasonics. E. Skudrzyk. (165- 
168). 


Magnetic and Electrical Methods of Non-Destructive 

Testing. W. Jellinghaus. (168-174). 

Electronic Instruments for the Non-Destructive Testing 

of Materials. H. Breitfeld. (175-178). 

Magnetic Powder Testing. E. A. W. Miiller. (178-180). 
Magnetic Studies of Plastically Deformed Specimens of 
Iron, and of Iron Powders. F. Brandstaetter. (181-182). 
An Electronic Strain Measuring Instrument. W. Marx. 

(183-184). The Marx-Barner portable instrument is 

described. 

A Simple Interference-Type Instrument for Examining 

Surfaces. F. Gabler. (185-186). 

Methods of Ultrasonic Testing in the Metal Processing 
Industry. R. Pohlman. (Z. Metalikunde, 1954, 45, Apr., 
161-165). The author first describes briefly the impulse echo 
method of ultrasonic testing, and mentions some of its 
disadvantages, e.g., the difficulty of measuring flaws near the 
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surface, or so near the bottom that the echo is not separated 
from the bottom echo; hence the method is not suited to 
the measurement of thin sheets, and small, complicated shapes. 
The advantages of the measurement of transmitted radiation 
are then outlined, and an instrument is described, incorporat- 
ing @ sensitivity control and a large variety of receiving 
attachments, by which flaws and grain structures in a large 
number of sections and profiles can be measured.—t. D. H. 


Progress in the Testing of Materials with Supersonics. 
J. Krautkramer. (Z. Metallkunde, 1954, 45, Apr., 154-157). 
Some improvements and simplifications are described in the 
impulse-echo method. Auxiliary equipment makes possible 
the detection of defects by optical or acoustic methods. 
Wear is reduced substantially in a new form of instrument, 
and applications are described for the testing of difficult 
or complicated shapes. Finally, a new development in inter- 
ferometry is outlined.—t. D. H. 

Test Determines Presence of High Residual Stresses in 
Stainless. H. Kirtchik. (Iron Age, 1954, 178, Apr. 1, 130-133). 
A test has been developed for use on stainless steel to deter- 
mine whether stresses, other than residual stresses, are high 
enough to cause cracks in subsequent service. In the test, 
hydrogen selenide, formed by the reaction of selenium dioxide 
and hydrochloric acid, speeds crack formation on 12% Cr 
steel if high stresses are present. Cracks are easily identified 
by magnaflux inspection.—a. M. F. 

Electronic Units Make Fast Check on Part Quality. D. 
Eldred. (Iron Age, 1954, 178, Apr. 29, 89-91). Two basic 
test instruments for comparing electrical or magnetic proper- 
ties of test pieces with a known standard are described. One, 
a metals comparator, is essentially a balancing network with 
test frequencies up to 10.000 cycles/sec. The test coil is one 
leg of the circuit and balancing resistors form the other leg. 
Unbalance of the circuit indicates differences in electrical or 
magnetic properties.—A. M. F. 

Electro-Acoustic Testing of Materials. H. H. Rust. 
(Metall, 1954, 8, Sept., 681-683). Electro-acoustic methods 
of measuring Young’s modulus are described, and their 
application to non-destructive testing, metrology, and deter- 
mination of thermal expansion coefficients is recommended. 


X-ray Installations for Testing Materials. H. Link. (Metall, 
1954, 8, Sept., 684-687). Equipment, manufactured by 
Seifert, for the X-ray examination of materials, is described. 

The X-Radiography of Welds in Gas Turbine Rotors. F. W. 
Waterton. (Metropolitan-Vickers Gaz., 1954, 25, July, 312- 
319). A 150-kV. 50-cycle X-ray equipment is described. An 
X-ray tube with the anode supported at the end of a jacketed 
tube of 1 in. in inside dia, and 43 in. long is used so that 
it can be inserted up the central bore of the rotors. The 
focusing system, tube construction, transformer, electron- 
beam alignment, and performance and operation of the 
equipment are fully described. The equipment has made 
possible the satisfactory radiography of circumferential welds 
that could not be examined with an external source.—t. E. D. 

Penetration of Gamma Radiation through Iron. L. A. 
Beach, R. B. Theus, and W. R. Faust. (Phys. Rev., 1953, 
92, Oct. 15, 355). Measurements made on the penetration 
through iron by Cs,37;, Cogs, and Na,, gamma radiation in 
plane parallel geometry show good agreement with theoretical 
values computed from Spencer’s polynomial method.—4. o. L. 

Application of Cesium 187 to Industrial Radiography. J. W. 
Dutli and G. M. Taylor. (Non Destructive Test., 1954, 12, 
Mar.-Apr., 35-38). The fission product isotope cesium, 3, has 
been investigated for use as a gamma-ray source for industrial 
radiography. Full details are given of its characteristics and 
performance.—P. M. C. 

Radioactive Isotopes and Their Uses in Industry. R. S. 
Sharpe. (Eng. Insp., 1953-54, 17, Winter, 143-151). A brief 
and elementary account is presented of the structure of the 
atom, methods of activation to form radioactive isotopes, and 
types of decay—particularly the production of gamma rays 
and beta particles. (27 references).—P. M. Cc. 

Protection Against Radiations from Radium, Cobalt-60, and 
Cesium-137. (U.S. National Bureau of Siandards Handbook 54, 
Sept. 1, 1954. 

Theoretical and Experimental Principles of the Non-Destruc- 
tive Testing of Materials by Eddy-Current Methods. III. 
Methods Using Slip-Over Coils for the Quantitative Non- 
Destructive Testing of Materials. F. Férster and K. Stambke. 
(Z. Metallkunde, 1954, 45, Apr., 166-179). The theoretical 
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basis is given in detail for eddy-current measurements of 
cylindrical and tubular test pieces. Practical applications 
include the sorting of semi-finished products—rods, tubes, and 
wires—according to conductivity and diameter, both of which 
can be determined independently. The principles are laid 
down for ageing and corrosion measurements with a high 
sensitivity, and other possibilities, such as tensile and fatigue 
measurements, are indicated.—t. D. H. 

Theoretical and Experimental Principles of the Non-Destruc- 
tive Testing of Materials by Eddy-Current Methods. IV. Prac- 
tical Eddy-Current Apparatus with Slip-Over Coils for the Non- 
Destructive Testing of Materials. F. Forster. (Z. Metall- 
kunde, 1954, 45, Apr., 180-187). Several instruments are 
described for testing materials using the eddy-current 
properties. After a brief reference to earlier types of instru- 
ment, the theory, range of application, and method of 
evaluation of the “ Multitest ” apparatus and the “ Ellipse ” 
method are dealt with in detail.—t. D. H. 

Theoretical and Experimental Principles of the Non-Destruc- 
tive Testing of Materials by Eddy-Current Methods. V. The 
Quantitative Testing of Metallic Substances for Cracks with 
Slip-Over Coils. F. Forster and H. Breitfeld. (Z. Metallkunde, 
1954, 45, Apr., 188-193). The underlying principles of testing 
for material defects by the eddy-current method are discussed. 
It is shown, by studying the effect of a large number of tests 
on the instrument readings, how the type and location of 
defects in an unknown test piece can be inferred.—t. D. H. 

Theoretical and Experimental Principles of the Non-Destruc- 
tive Testing of Materials by Eddy-Current Methods. VI. The 
Measurement, Without Contact, of the Thickness and Con- 
ductivity of Metallic Surface Layers, Foil and Sheet. Part I: 
Theoretical Principles. F. Forster (Z. Metallkunde, 1954, 
45, Apr., 197-199). The quantitative theory of the effect 
of interposing a metal surface between a primary coil carrying 
a current, and a secondary coil with an induced e.m.f. is 
worked out, and applications to the determination of the 
thickness and conductivity of the interposed foil or sheet are 
discussed.—t. D. H. 

Theoretical and Experimental Principles of the Non-Destruc- 
tive Testing of Materials by the Eddy-Current Method. VII. 
The Magnetoinductive Crack Testing of Steel. F. Forster. 
(Z. Metallkunde, 1954, 45, Apr., 221-226). The theory of the 
magneto-inductive method for the inv estigation of steel for 
cracks is worked out in detail, using the ‘“‘ Magnatest-D ” 
instrument. It is assumed that the magnetic permeability 
of the materials tested is constant (independent of the field 
strength).—. D. H. 

Operational Experience of Crack Testing in Semi-Finished 
Steel by Means of Eddy-Currents. K. Springmann. (Z. 
Metallkunde, 1954, 45, Apr., 227-230). Experiments are 
described on the eddy-current testing of hexagonal and round 
free-cutting steel bars; examples and illustrations are given 
showing the effect of stresses and cracks on the oscilloscope 
trace. It was found that the patterns of hexagonal and round 
materials of similar quality were markedly different—the 
latter was more irregular, with strong peaks.—t. D. H. 

Operating Experiences with the Electromagnetic Sorting of 
Steels. H. Krainer. (Z. Metallkunde, 1954, 45, Apr., 212-217). 
Many investigations were carried out on the effect of dimension 
variations, non-homogeneous structure, stresses, and varia- 
tions in surface condition, such as decarburization on the 
magneto-inductive testing of rolled bar steel, particularly tool 
steel. A wide scatter in the results suggests that the method 
is unsuitable for the sorting of similar steels, but as a pre- 
liminary test, in combination with other methods, it should 
be valuable in the detection of serious faults.—t. p. H. 

A Preliminary Investigation of the Radiographic Visualiza- 
tion of Cracks. J. W. Dutli and G. H. Tenney. (Non-Destruc- 
tive Test., 1954, 12, Mar.-Apr., 13-15). A tool has been designed 
by which one can experimentally determine practical limita- 
tions of the radiography of cracks. The width, depth, and 
angular orientation of an artificial crack can be varied at will. 
Experimental results for a total thickness of 3 in. of steel 
are given using crack depths of }, 4, and 3 in., and crack 
widths from 0 to 0-006 in. and angles from 0° to 20°.—p. m. c. 

The Present Status of Non-Destructive Test Methods for 
Inspection of Welded Joints in Ship Structures. J. Krieger, 
S. A. Wenk, and R. C. McMaster. (Non-Destructive Test., 
1954, 12, Mar.-Apr., 27-33). Radiographic, magnetic particle, 
ultrasonic, and fluid penetrant methods of non-destructive 
testing are reviewed, and their respective uses and limitations 
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are discussed in connection with the examination of ship 
structures, especially welded joints.—pP. M. c. 

The Non-Destructive Examination of Welds by Means of 
Ultrasonics. F. Ramirez Gomez. (Cien. Tecn. Solda., 1954, 
4, Jan.-Feb., Mar.-Apr.). [In Spanish]. Part I details the 
general characteristics of ultrasonic testing apparatus and 
defines the symbols used. Part II compares such apparatus 
with X-ray non-destructive testing devices. Part III describes 
a Hughes MKIIB ultrasonic apparatus, and Part IV the 
technique of its application. In Part V the types of defects 
found in welds are listed. In Part VI examples are given of 
tests on butt welds. Part VII contains the conclusions. 


Surface Waves at Ultrasonic Frequencies. E. G. Cook and 
H. E. van Valkenburg. (Amer. Soc. Test. Mat. Bull., 1954, 
May, 81-84). The theory of surface vibrations in solids, 
developed originally for low-frequency seismic phenomena, 
is applied to the study of the propagation of ultrasonic waves. 
The authors show how ultrasonic methods can be used for the 
detection of flaws at the surface or hidden just below the 
surface.—B. G. B. 

Big Future for Non-Strategic Hi-Temperature Alloy. C. W. 
Lufey. (Steel, 1954, 185, Aug. 2, 88-89). A report on the 

roperties and applications of ‘ Thermenol ’ alloy (containing 
16% Al, 3-3% Mo) is presented. Preliminary oxidation and 
stress rupture tests prove it equal to or better than known 
alloys for high-temperature use. It has a high strength/weight 
ratio.—D. L. C. P. 

The Formation of Graphite on the Surface of a Steel During 
Its Heat-Treatment in Vacuo. E. Z. Graifer and I. V. Salli. 
(Doklady Akademii Nauk S.S.S.R., 1954, 97, (4), 663-665). 
[In Russian]. The formation of graphite on the surface of 
a high-carbon steel and the role of silicon in the graphitization 
of steel and malleable iron were investigated. It was found 
that graphite formed on the surface as the samples cooled 
after high-temperature treatment. When silicon is present 
the amount of separated graphite is larger. A theory account- 
ing for the phenomenon is put forward.—v. a. 

How Dissolved Nitrogen Affects. Graphitization. G. V. 
Smith. (Jron Age, 1954, 178, Apr. 15, 136-139). Tests 
have shown that dissolved nitrogen may well be a controlling 
factor in inhibiting the graphitization of aluminium-deoxidized 
steels. The effects of austenitizing temperature on the 
number of graphite nuclei promoting graphitization and the 
effects of different amounts of uncombined aluminium and 
nitrogen were studied.—a. M. F. 

Some Experiments on the Alternating Stress Fatigue of a 
Mild Steel and an Aluminium Alloy at Elevated Temperatures— 
with Special Reference to the Effect of Cyclic Speed. P. G. 
Forrest and H. G. Tapsell. (Inst. Mech. Eng., 1954, Preprint, 
Aug. 15). Alternating stress fatigue tests have been carried 
out at several speeds between 10 and 8000 cycles/min. on a 
normalized 0-17% carbon steel at 17°, 400°, 450°, and 500° C., 
and on the aluminium alloy R.R.58 in a fully softened con- 
dition at 200°C. Rolls Royce rotating bending fatigue and 
Haigh direct stress fatigue machines were used. The fatigue 
strength of the mild steel at room temperature depends mainly 
on the number of cycles irrespective of speed, but at 400- 
500° C. failure at a given stress occurs after a certain time 
independent of the speed. A study was also made of the 
dynamic stress-strain relations which provide a means for 
the determination of the stress redistribution when plastic 
strain occurs in bending fatigue.—»P. M. c. 

Creep Properties of Steels Utilized in High-Pressure and 
High-Temperature Superheater and Steam Pipe Practice. Part 
Ill: Revision of Long-Time Creep Data for a Carbon Steel 
Header and a Carbon-Molybdenum Steel Pipe. R. W. Ridley. 
(Proc. Inst. Mech. Eng., 1952-53, 1B, (11), 511-515). Part IIT 
gives revised temperature estimates for one carbon steel at 
5 tons/sq. in. and one carbon—molybdenum steel at 6 tons/ 
sq. in., based on the results of creep tests which have lasted 
67,000 hr. and are to be continued to the full 100,000 hr. 
The revised estimates do not agree too well with the previous 
values for 0-1% creep, being 443° C. as against 430° C. for 
the carbon steel, and 460° C. as against 484° C. for the carbon— 
molybdenum steel.—P. M. C. 

Some Additional Creep and Rupture Data on Molybdenum, 
Chromium-Molybdenum, and Molybdenum-Vanadium Steels. 
J. Glen. (J. Iron Steel Inst., 1955, 179, Apr., 320-336). 
[This issue]. 

Uranium in Heat-Resisting Alloys. G. T. Harris and H. C. 
Child. (J. Iron Steel Inst., 1955, 179, Apr., 347-349). [This issue]. 
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Influence of Primary Creep on Stresses in Structural Parts. 
F. K. G. Odqvist. (Acta Polytechn., 1953, No. 125). The 
theory is presented mathematically, with particular reference 
to gas turbine rotor discs. It is shown how primary creep 
may be taken into account within the theory. (12 references). 

A Study of the Effects of Cyclic Thermal Stresses on a 
Ductile Metal. L. F. Coffin, jun. (Zrans. Amer. Soc. Mech. 
Eng., 1954, 76, Aug., 931-950). The results of a study of 
cyclic strain and fatigue failure arising from cyclic thermal 
stresses are reported. Temperature cycles were imposed on 
thin tubular specimens of 18/8 stainless steel subjected to 
complete longitudinal constraint. The following studies are 
reported: (a) Effect of thermal stress cycling on strain harden- 
ing and life to failure; (b) effect of previous cold work on strain 
hardening and cycles to failure; (c) effect of mean temperature 
on thermal stress cycling; (d) effect of period of cycle on cycles- 
to-failure; and (e) effect of previous strain cycling on the 
stress-strain characteristics. The significance of hysteresis, 
Bauschinger effect, strain hardening, ageing, and fatigue crack 
formation is discussed and a mechanism is described to relate 
them.—p. H. 

Apparatus for Study of Effects of Cyclic Thermal Stresses 
on Ductile Metals. L. F. Coffin, jun. and R. P. Wesley. 
(Trans. Amer. Soc. Mech. Eng., 1954, 76, Aug., 923-930). 
An apparatus is described which is used to obtain information 
on the effect of repeated thermal stresses in materials. A 
thin-wall tubular specimen with a flanged end is attached 
between two fixed plates held together by two columns. By 
heating and cooling the columns alternately a displacement is 
produced between the plates and the specimen is thus alter- 
nately stressed and relieved at constant temperature. By 
fixing the temperature of the columns and temperature cycling 
the specimen is subjected to cyclic thermal stresses. In either 
case it is possible to determine accurately the stress and strain 
amplitude for each cycle.—D. H. 

High Temperature Oxidation Characteristics of Some 
Manganese—Aluminium Steels. I. A. A. Krishnan and V. 
Prakash. (J. Sci. Indust. Res., 1954, 18B, June, 444-449). 
Results are presented for steels containing 0-4 to 26-2% 
Mn and 8 to 11% Al between 600 and 1100° C. The oxidation 
characteristics mainly follow a parabolic relationship in the 
range 600-700°C. The addition of manganese results in 
increased oxidation up to 1000°C., but a steel containing 
6-5% Mn and 8% Al has a slightly better oxidation resistance 
than 11% Al steel at 1100° C.——K. £. J. 

Elevated Temperature Properties of Ductile Cast Irons. 
C. R. Wilks, N. A. Matthews, and R. W. Kraft, jun. (Z'rans. 
Amer. Soc. Met., 1954, 47, Preprint No. 34). Creep and 
stress-to-rupture properties over the temperature range 425° 
to 650° C. are presented for three ductile cast irons—a ferritic, 
a pearlitic, and a high-alloy austenitic iron. The standard 
ductile irons have superior growth and scaling characteristics 
in comparison with grey irons and their creep properties are 
comparable with those of a low-carbon steel over the tempera- 
ture range studied.—a. a. 

Gases in Metals. N. Christensen. (Tekn. Ukeblad, 1954, 
101, Sept. 9, 693-703). [In Norwegian]. The author deals 
with the effect of hydrogen on crystallization, its solution in 
solid steel, brittleness, and hair-line cracks, and its diffusion 
in steel. The effects of oxygen and nitrogen are also dealt with 
and analytical methods for determining these gases in iron 
and steel are described.—c. G. kK. 

Solubility of Hydrogen in Liquid Cupola Iron. V. I. Lakomskii 
and V. I. Yavoiskii. (Iite%noe Proizvodstvo, 1954, (5), 20-23). 
[In Russian]. An investigation of the solubility of hydrogen 
in irons of various compositions is described. Solubility 
determinations were made, using a differential method, on 
high silicon irons and the effects of additions of manganese 
and chromium were found. The changes in the hydrogen 
solubility during the inoculation of cast iron with magnesium 
were studied. The lower the melting point of the iron the less 
the solubility of hydrogen in it. The solubility in cupola irons 
varies from 11 cu. cm. to 100 g. between the solidification 
temperature and 1420° C.—s. K. 

The “ Hydrogen Yield Point ” in Mild Steel. H. Schumann. 
(Met. u. Giesserei Techn., 1954, 4, Aug., 367-369). The 
occurrence of a yield point due to hydrogen, experimentally 
determined by H. C. Rogers (see J. Iron Steel Inst., 1954, 178, 
Oct., 207), and the slight increase in the yield point of 
hydrogen-charged mild steel are interpreted using the 
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“hydrogen atom cloud’ hypothesis formulated by the 
author.—t. J. L. 

The Microstructure of Steel and Hydrogen Embrittlement. 
P. Bastien and P. Amiot. (Compt. Rend., 1954, 238, June 9, 
2238-2239). The effect of hydrogen on the plastic properties 
of a chromium—molybdenum steel with various micrographic 
structures has been investigated. The better the plastic 
properties of a structure the less is it affected by hydrogen. 


Effect of Boron on the Properties of Cast Austenitic Chro- 
mium-—Nickel Steel of the Type 15/25. N.S. Kreshchanovskii, 
V. I. Prosvirin, and E. 8. Ginzburg. (Liteinoe Proizvodstvo, 
1954, (5), 16-19). [In Russian]. The effects of boron on the 
hardness, carbide concentration, impact strength, and macro 
and microstructures of cast, forged, hardened, and aged 
specimens of a 15/25 Cr—Ni steel were investigated. The 
surface tension of the liquid steel with up to 1% of boron was 
also determined. It is concluded that this element acts as a 
surface-active agent at the austenite grain boundaries where 
it hinders diffusion. Boron in solid solution acts similarly 
inside the grain. The finest structure was obtained with 
0:1% boron, and creep tests confirmed the advantages of 
boron additions.—s. k. 

Strength of Cast Iron in Different Sections of a Casting. 
I. D. Rybasenko and M. N. Vitkovskii. (Liteinoi Proizvodstvo, 
1954, (4), 29-30). [In Russian]. In the investigation described 
the differences produced in the mechanical properties of iron 
castings through differences in cooling rate were studied. 
Specimens of four irons covering a wide range of composition 
(C 2-59-3-34%, Si 1-45-2-27%, Mn 0-45-0-70, Cr < 0-43%, 
Ni 0:28-0-42%, S 0-08-0-13%, P 0-15-0-24%) were cast 
in dried vertical moulds into bars 10-50 mm. in dia. and 
340 mm. long. From extrapolation of the results of the 
mechanical tests a diagram is constructed for finding, from 
compression tests on standard test pieces, the type and 
strength of iron required for various wall thicknesses.—s. Kk. 


Metallurgical Progress and the Steam Engineer. L. Sander- 
son. (Steam Eng., 1954, 28, Feb., 163-165). Progress and 
innovations of interest to the steam engineer introduced 
during the past year are summarized. Ferritic steels and 
higher chromium steels are now in use, and also a new alloy 
steel with a yield strength of 45 tons/sq. in. (no details given). 
Manganese stainless steels are in increasing use, and vanadium 
is added to various steels to improve weldability.—tr. £. p. 

Plain Carbon Tool Steels. F. Rapatz and O. Mirt. (Stahl 
u. Hisen, 1954, 74, Sept. 9, 1195-1202). The usual chemical 
compositions of unalloyed and low-alloy tool steels are 
indicated and the procedures for steelmaking, hot shaping, 
and annealing are discussed. The behaviour of tool steels 
during hardening and the influence of carbon content and 
special alloy additions, microstructure before hardening, and 
the hardening temperature and medium are discussed. 
German and American methods for testing for hardenability 
are compared. With increasing number of nuclei remaining 
after austenitizing, the depth of hardness and susceptibility 
to overheating decrease. Comparative tests have shown that 
overheating susceptibility is increased by silicon additions. 
The torsion-impact test for toughness is mentioned, since this 
indicates clearly the effect of annealing temperature. As far 
as changes of dimensions are concerned, the influence of 
thermal stresses set up during rapid quenching outweighs that 
of volume change due to transformations.—4J. P. 

Effect of Sigma Phase on Properties of Alloys. A. J. Lena. 
(Metal Progress, 1954, 66, Aug., 94-99). The magnitude of 
the effect of the sigma phase on the mechanical and corrosion- 
resistant properties of stainless steels is greatly dependent 
not only on the amount present but also on the particle size 
and distribution. In general, the sigma phase increases the 
notch sensitivity of all stainless steels and the impact strength 
is a more sensitive indicator of its presence than any other 
mechanical property.—B. G. B. 

Metals in Oil Refining. I. H. Thomas. (J. B’ham Met. Soc., 
1954, 34, June, 51-70). Conditions relating to refinery opera- 
tion that can lead to undue wear and tear of the metals 
employed are outlined, and the special properties required of 
various metals are discussed. The danger of brittle failure 
of mild steel for process plant construction is described, and 
precautionary measures in heat treatment, welding techniques 
are outlined. The hydrogen blistering of steel at low tempera- 
tures, and the corrosion of chromium and molybdenum by 
sulphur, hydrogen, and naphthenic acid, are discussed. 
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Effect of Static Stress on the Damping of Some Engineering 
Alloys. A. W. Cochardt. {7'rans. Amer. Soc. Met., 1954, 47, 
Preprint No. 26). Wires of high-alloy steel (Fe 85%, Cr 
12-3% with Ni, Mn, Mo, and Si) and Refractaloy 26 (Fe 
16%, Ni 38%, Co 28%, Cr 18%, and Mo 3-2%) were twisted 
under load and the decay of free torsional vibration was 
measured. The damping of the former decreases with static 
stress but the reverse is true for the latter. These results 
are discussed in the light of present concepts of the mechanism 
of damping.—a. a. 

The Statistical Fatigue Properties of Lamellar and Spheroidal 
Eutectoid Steel. G. E. Dieter, R. F. Mehl, and G. T. Horne. 
(Trans. Amer. Soc. Met., 1954, 47, Preprint No. 25). The 
statistical variability of fatigue properties and the effect of 
carbon morphology have been studied for a plain carbon steel 
heat-treated to coarse pearlite and to spheroidite of the same 
tensile strength. The lower fatigue limit of the pearlitic 
structure is attributed to the higher stress concentration by 
the carbon lamelle in the pearlite. The fatigue cracks are 
thought to be initiated by non-metallic inclusions.—a. a. 

Tensile and Impact Properties of Low Carbon Martensites. 
C. C. Busby, M. F. Hawkes, and H. W. Paxton. (Trans. Amer. 
Soc. Met., 1954, 47, Preprint No. 9). The mechanical properties 
of low carbon (0-11 to 0-28% C) martensites in the as- 
quenched and quenched and tempered condition have been 
examined. Ductilities exceeded the average values for higher 
carbon steels quenched and tempered to comparable strengths. 
The yield-strength/tensile-strength ratio was low but could 
be increased by a strain-ageing treatment. Alloying elements 
added to obtain the requisite hardenability had no effect 
on tensile properties but markedly affected impact behaviour. 

Properties of Light Springs. B. Coates. (Metal Treatment 
and Drop Forg., 1954, 21, June, 284-288). The requirements 
of an alloy suitable for spring manufacture are discussed, and 
the compositions and properties of hard-drawn plain carbon 
steel spring wire are tabulated. Similar data are given for 
the oil hardening steels.—?r. M. c. 

Ni-Hard Nickel Cast Iron—A Summary of Properties and 
Application. (Mond Nickel Co., Ltd., Pamphlet 736, 1954). 

Ni-Resist. (Nickel Bull., 1954, 27, Apr., 58-61). Ni-Resist 
is the name given to a group of high-nickel, austenitic cast 
irons, developed to provide maximum resistance to heat and 
corrosion, particularly by sea water, weak acids, and alkalis. 
The alloys contain 2-6-3-2% C, 1-0-2-5°% Si, 8-1-5 Mn, 
1-5-3% Cr, and either 20-22% Ni or 13-16% Ni and 6-8% 
Cu, depending on the application. Special mechanical and 
physical properties, including toughness and wear resistance 
much superior to ordinary cast irons are exhibited by Ni- 
Resist.—pP. M. Cc. 

A New Method for Evaluation of Hot-Tearing Tendency of 
Cast Iron. 8S. Oki. (Tetsu to Hagane, 1954, 40, June, 599-608). 
{In Japanese]. A new design of test casting weighs 2 kg. and 
consists of a vertical cylinder with four horizontal and radial 
branches; contraction of the branch is restrained, giving rise 
to hot-tearing which can be evaluated quantitatively. The 
reproducibility and sensitivity of the results are good; the 
cooling of the critical portion is as slow as is found in a full- 
scale casting; and the limited amount of scale permits adequate 
microscopic examination of the tears. (14 references).—x. E. J. 

The Relation Between the Size of Graphite Nodules in 
Malleable Iron and the Mechanical Properties. E. Namba. 
(Fonderie, 1954. May, 3961-3964). Tests on perforated plates 
have shown that large numbers of fine holes prevent the 
rapid spread of cracks and this explains the good mechanical 
properties shown by malleable iron containing nodular 
graphite. Data on the size distribution of graphite nodules 
formed on annealing are given for several malleable irons. 

The Impact Strength of Spheroidal-Graphite Cast Iron. 
(Nickel Bull., 1954, 27, Apr., 56-58). In this critical review of 
a paper by A. L. Carr and W. Steven (see J. Iron Steel Inst., 
1954, 177, June, 287) the improved impact properties of 
spheroidal graphite cast irons over those exhibited by flake 
graphite irons are discussed. The influence of silicon and other 
elements on this property and on transition ranges is out- 
lined.—». M. c. 

The Impact Properties of Flake Graphite Cast Irons. G. N. J. 
Gilbert. (Brit. C. I. Res. Assoc., J. Res. Dev., 1954, 5, June, 
298-317). The impact values for notched and unnotched 
specimens of eight cast irons have been correlated with the 
resilience obtained in a corresponding slow bend test. The 
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impact value generally places materials in order of their 
resilience but it does not give an absolute value for it. Tests 
at various temperatures show the existence of a transition 
temperature range in cast irons.—B. G. B. 


METALLOGRAPHY 


High-Resolution Replicas and Their Application. T. Hibi 
and K. Yada. (J. Appl. Phys., 1954, 25, June, 712-719). 
Improvement in resolution of two-step replicas, using methyl 
methacrylate in an intermediate stage, has been obtained by 
selection of the evaporation elements and method; processing 
and results are described in detail.—s. 0. L. 

A Simple Method for Silica Replicas—Value of Cathodic 
Bombardment as a Method for Preparing the Surfaces to be 
Examined. C. Fert and R. Dargent. (Compt. Rend., 1954, 
238, Feb. 8, 662-664). A method of obtaining a positive 
silica replica of a sample surface is described. The advantages 
of cathodic bombardment over ordinary chemical attack for 
the preparation of sample surfaces are stressed.—a. G. 

A High-Resolution Evaporated-Carbon Replica Technique 
for the Electron Microscope. D. E. Bradley. (J. Inst. Metals, 
1954, 88, Sept., 35-38). A simple two-stage replica technique, 
using an intermediate dry-stripped Formvar film on to which 
carbon is evaporated is described. The Formvar film is later 
removed leaving the carbon as the final replica. The prepara- 
tion time is short, the results are consistent, and the final 
resolution is better than 50A.—z. a. B. 

Electric-Spark Etching of Hardened Tools. F. F. Chere- 
panov. (Stanki i Instrument, 1954, (5), 29-30). [In Russian]. 
After a brief review of available methods of stamping letters 
and numbers on tools, a flexible electric-spark etching tech- 
nique, which is specially advantageous for hardened tools and 
requires simple equipment, is described. The tool is supported 
on a magnetic plate, which is connected to the positive 
terminal of a 220-V. D.C. supply. The dies are clamped in a 
special assembly which is then connected to the negative 
terminal and placed over the work.—s. K. 

An Etching Process for Phosphorus Used to Distinguish 
Grey and White Areas in Mottled Cast Iron after Developing 
the Structure with Sodium Thiosulphate I. H. Klemm. 
(Met. u. Giesserei Techn., 1954, 4, Aug., 362-365). Previous 
printing processes and the chemical reactions involved 
are described. Two new processes for showing the phos- 
phorus distribution and the grey and white areas in cast 
iron are discussed.—t. J. L. 

Possibilities of Quantitative Auto-Radiography by Means of 
Micro-Photometric Measurements. A. Kohn. (Rev. Meét., 
1954, 51, July, 503-513). The difficulties involved in the 
quantitative autoradiographic study of dendritic segregation 
in steels are indicated. The construction and calibration of 
a microphotometer for these measurements are described and 
as an example of its use some results on phosphorus segrega- 
tion during homogenization are given.—a. G. 

Metallographic Identification of “Sigma” Phase in a 
Ferritic Chromium Steel and in Two Austenitic Chromium- 
Nickel Steels. F. Joanxich Ayma. (Rev. Ciencia Apl., 1954, 
8, Jan.-Feb., 18-34; Mar.-Apr., 112-131). [In Spanish]. 
The importance and applications of heat-resisting and stain- 
less steels are indicated. Bain and Griffiths’ work and dis- 
covery of compact and “ troostitic ” forms of sigma phase, 
and other investigators’ work, are described. An account is 
given of how sigma phase is formed and of its properties. 
It can be identified by: (a) Change in magnetic properties; 
(b) X-ray crystallography; (c) metallographically; (d) mech- 
anical tests, and (e) change of corrosion resistance. Experiments 
on the precipitation of the phase are reported. In a 13%-Cr 
ferritic steel the phase formed between 500° and 800°C. 
was examined by hardness testing and metallographic 
methods. Stainless 18/8 and 25/20 Cr—Ni steels were similarly 
tested, after formation of sigma phase at different tempera- 
tures. The sensitivity and utility of impact-testing is empha- 
sized. The results obtained confirm those of Bain and others. 
(27 references).—c. B. L. 

The Effect of Cold Work and Recrystallization on the Forma- 
tion of the Sigma Phase in Highly Stable Austenite Stainless 
Steels. A. J. Lena and W. E. Curry. (Trans. Amer. Soc. Met., 
1954, 47, Preprint No. 27). A study of 20/25 Ni-Cr and of 
Cr-Mn stainless steels has shown that recrystallization 
is essential for pronounced acceleration of sigma formation in 
steels of this type. If the amount of cold work is much less 
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than that required to cause recrystallization at a given tem- 
perature it may retard sigma formation by preventing the 
formation of Widmanstitten type precipitates. 


A Contribution to the Problem of Diffusion Columnar Grain 
in Steel. H. Schumann. (Met. uw. Giesseret Techn., 1954, 4, 
Aug., 366-367). Examination of a nitrided steel tube (C 
0-24%, Cr 1-5%, Al 1-0%) with diffusion columnar grain 
has shown that the large crystals adversely affect the adhesion 
of the nitride case. Nitrogen is deposited mainly along the 
edges of the crystals running parallel with the surface of the 
specimen. Owing to expansion of the iron—nitrogen solid 
solution and the larger specific volume of Fe,N, tensile stresses 
are set up perpendicular to the dividing plane and these 
exceed the cohesive strength of the iron nitride and lead to 
the separation of the columnar grain layer.—t. J. L. 


Effects of Cold Work on Cementite in Steel. D. V. Wilson. 
(Trans. Amer. Soc. Met., 1954, 47, Preprint No. 38). Magnetic- 
intensity/temperature measurements were made to determine 
the changes in the cementite Curie point due to plastic 
deformation. The fact that these changes are mechanically 
reversible suggests that they may be due to elastic textural 
strains in the cementite particles. X-ray examination has 
confirmed that the stress system between ferrite and cementite 
during cold working may impose intense elastic strains on 
the cementite.—a. G. 

Secondary Graphitization of Quenched and Tempered Ductile 
Cast Iron. J. C. Danko and J. F. Libsch. (7'rans. Amer. Soc. 
Met., 1954, 47, Preprint No. 32). Metallographic studies 
show that secondary graphitization proceeds by the decom- 
position of martensite to ferrite and some silicon-rich carbides 
which rapidly break down or graphitize forming fine graphite 
spheroids. The amount of secondary graphite increases with 
increasing silicon but is decreased by the presence of carbide- 
forming elements.—a. G. 

Further Study of Microstructural Changes on Tempering 
Tron-Carbon Alloys. B. 8. Lement, B. L. Averbach, and M. 
Cohen. (Trans. Amer. Soc. Met., 1954, 47, Preprint No. 21). 
Microstructural changes in high purity Fe—C alloys in the 
tempering range 370° C. to Ac, have been followed by electron 
and light microscopes. The extension of grain boundary 
cementite is accompanied by the solution of cementite within 
the acicular grains inherited from the tempered martensite. 
An expression is derived from interfacial energy considerations 
for the minimum stable size of spheroidized cementite particles 
formed at ferrite grain boundaries. Factors responsible for 
the enhanced solubility of carbon in ferrite during tempering 
are discussed.—a. G. 

Thermodynamics of Binary Interstitial Solid Solutions. R. 
Speiser and J. W. Spretnak. (Zrans. Amer. Soc. Met., 1954, 
47, Preprint No. 19). The thermodynamics of binary inter- 
stitial solid solutions are considered in relation to strain energy 
and compound formation. Interstitial solubility of the 
metalloids is less in body-centred cubic metals than in close 
packed ones due to the greater strain energy in the former 
case. Because of this the body-centred cubic phases in binary 
alloys such as Fe-C, Fe—-N, Ti-C, Ti-N, and Ti-O are rela- 
tively less stable than the close packed phases.—a. Gc. 

Some Intergranular Phenomena. J. Hochmann. (Bull. 
Cercle Etudes Mét., 1954, 6, June, 241-258). The differences 
in the strength of crystals and the cohesion between crystals 
are first considered. The theories of inter and intra crystalline 
strength, caustic embrittlement, temper brittleness, and 
hydrogen sulphide cracking in steels are discussed.—n. G. B. 


The Influence of Deformation on the Secondary Recrystal- 
lization of Mild Steel. R. Guihaumé. (Compt. Rend., 1954, 
238, June 21, 2418-2420). The existence of a ‘ threshold of 
work hardening’ is reported. It is shown that for a given 
Armco iron the secondary crystals obtained by annealing at 
a fixed temperature have orientations and dimensions which 
vary as a function of the extent of deformation.—a. a. 

Electron Diffraction—Uses and Limitations in the Study of 
Metals. J. W. Menter. (Metal Treatment and Drop Forg., 
1954, 21, June, 289-294). The information which can be 
obtained by electron diffraction is discussed with reference to 
lattice type and symmetry, degree of perfection of the lattice, 
crystal size and shape, microgeometry of surfaces and pre- 
ferred orientation, detection of small quantities of a second 
phase, thickness of surface films, and structure analysis. 
(37 references).—P. M. C. 
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Single Crystal Metal Rotors. J. W. Beams. (Phys. Rev., 
1953, 92, Oct. 15, 502). Rotation of crystals of iron and zinc 
after machining to a spherical shape indicates that, if the 
usual slip planes are blocked, high stresses will cause slipping 
along other planes or, occasionally, twinning.—4d. 0. L. 


A Continuously Recording Electron Diffraction Camera for 
Studies of Crystal Structure Transitions. A. Boettcher, R. 
Thun, and H. Treupel. (J. Appl. Phys., 1954, 25, July, 
926-927). -An apparatus embodying a viewing screen with 
slit diaphragm and a constant-speed photographic plate is 
described.—s. 0. L. 

An X-ray Microbeam Study of Polycrystalline Specimens of 
Aluminium and Iron Deformed in Tension. A. Kelly. (Acta 
Crystallographica, 1954, '7, Sept. 20, 554-558). Iron specimens, 
in the form of deoxidized wire, were examined by the X-ray 
microbeam technique at various stages of a tensile test until 
fracture occurred. From the X-ray photographs, measure- 
ments were made of particle sizes, misorientations and 
averaged angular breadths during the tests, and the results 
are used in an attempt to account for the stress-strain curves. 


The Use of Fourier Analysis in the Interpretation of X-Ray 
Line Broadening from Cold-Worked Iron and Molybdenum. 
G. K. Williamson and R. E. Smallman. (Acta Crystallo- 
graphica, 1954, 7, Sept. 20, 574-581). Measurements of the 
line shapes in the Debye-Scherrer spectra of iron and molyb- 
denum, cold worked by filing, were made using a Geiger- 
counter spectrometer. Fourier coefficients of the broadening 
functions were calculated using the coefficients for an annealed 
specimen as a measure of instrumental broadening. Anomalies 
in the interpretation of the coefficients are discussed. The 
coefficients of theoretical line shapes are investigated and 
alternative methods of interpretation are suggested.—t. E. D. 


The Geometrical Basis of Crystal Chemistry. A. F. Wells. 
(Acta Crystallographica, 1954, 7, Sept. 20, 535-554). Three 
dimensional systems of points in which each point is con- 
nected to three others are investigated. These nets form the 
bases of the structures of many crystals in which there are 
directed bonds or hydrogen bonds. A procedure for the 
systematic derivation of three-dimensional 4-connected nets 
is outlined and applied to nets with two, three, and four 
points in the repeat unit. A number of more complex nets 
are listed.—T. E. D. 

Mechanism of Transition in Magnetite at Low Temperatures. 
H. J. Williams, R. M. Bozorth, and Matilda Goertz. (Phys. 
Rev., 1953, 91, Sept. 1, 1107-1115). Experiments indicate 
that the orthorhombic axis is parallel to one of the original 
cubic axes and is the axis of easiest magnetization. Generally, 
different regions of the original crystal will transform with 
their c axes lying along different cubic axes, and when no 
field is applied there are six different orientations which 
different regions assume. When a field is applied during 
cooling, a c axis tends to lie along the original cubic axis that 
is nearest to the applied field, the a and b axes having less 
but different tendencies to lie parallel to the field. Six mag- 
netic crystal anisotropy constants are derived from torque 
curves measured in the (100) and (110) planes. From them 
magnetization curves calculated for the [100] and [110] 
directions are confirmed experimentally.—J. 0. L. 

Factors Determining the Permanent Magnet Properties of 
Single Crystals of Fe,NiAl. E. A. Nesbitt, H. J. Williams, and 
R. M. Bozorth. (J. Appl. Phys., 1954, 25, Aug., 1014-1020). 
Fine precipitated particles present in single crystals of Fe,NiAl 
are elongated and the shape anisotropy of these particles is 
a major factor in determining the coercive force of Fe,NiAl. 
For fields of less than 7000 oersteds, <111) directions are the 
directions of easy magnetization in the (110) plane of the 
crystal, due to the effect of the shape of the precipitated 
particles, which are orientated in three mutually perpendicular 
directions. In higher fields, the torque due to this effect 
decreases and then the [001] direction is the direction of easy 
magnetization because of intrinsic crystal anisotropy.—J. 0. L. 

Carbides Formed in the Bainitic Transformation of Steels. 
J. Pomey. (Compt. Rend., 1954, 288, June 14, 2318-2320). 
Provided the isothermal decomposition of austenite to bainite 
is sufficiently slow the e hexagonal carbide of Hofer is first 
formed, which may then decompose to give the ¢ ortho- 
rhombic carbide of Hiigg. Under other conditions the carbide 
of Hiigg is produced directly.—a. a. 

The Stability of Austenite in Some Nickel Steels. J. Orland. 
(Anal. Mec. Elect., 1954, 81, Sept.-Oct., 227-240). [In 
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Spanish]. This is a study of the effect of liquid air upon 
Invar (0°1% C, 36% Ni), and a 0-4%-C, 25%-Ni steel, by 
physical methods. Both were austenitic after furnace cooling; 
although some martensite was formed in the latter steel by 
immersion in liquid air and eliminated by tempering, the 
36% nickel steel was unaffected. A general review of the 
atomic structure of iron, nickel, and their alloys with carbon 
is included.—r. s. 

Concentration Changes in Residual Austenite. N. F. Lashko. 
(Zhurnal Tekhnicheskoi Fiziki, 1954, 24, (5), 884-888). [In 
Russian]. Views on the nature of the austenite—martensite 
transformation are discussed. The residual austenite was 
isolated from various steels by anodic separation and its 
stability confirmed by cooling in liquid nitrogen, heating to 
500° C., and prolonged storing with subsequent X-ray 
examination. Any changes in the residual austenite could thus 
be determined by interaction with the surrounding phase. 
Chemical and X-ray determination of lattice parameters 
indicate that residual austenite differs from the initial 
austenite.—v. G. 

Partial Phase Diagram of the Iron-Cerium System. J. O. 
Jepson and P. Duwez. (Trans. Amer. Soc. Met., 1954, 47, 
Preprint No. 2). The phase diagram up to 5% cerium and the 
structure of the intermediate phases of the iron—cerium system 
have been studied. It is established Sey the solubility of 
cerium in both « and y iron is below 0:5% by weight. Inter- 
mediate phases corresponding to the cimmaiaiaion CeFe, and 
CeFe, have been identified.—a. a 

An Electron Metallographic Study of the —— of 
Microstructure on Hardenability. S. T. Ross, P. Sernka, 
and W. E. Jominy. (Trans. Amer. Soc. Me, 1954, 47, 
Preprint No. 13). The nature of non-martensitic transforma- 
tion products in six 0:40°% carbon steels is predicted from 
transformation diagrams and identified by electron micro- 
scopy. The physical appearance of the constituents of the 
transformation products is similar for all steels investigated. 
An estimated revision of the pro-eutectoid ferrite area in the 
transformation diagram of a Ni-Cr—Mo steel (S.A.E. 4340) 
is proposed.—a. G. 

Conditions for Dendritic Growth in Alloys. W. Morris, 
W. A. Tiller, J. W. Rutter, and W. C. Winegard. (Trans. 
Amer. Soc. Met., 1954, 47, Preprint No. 17). The beginning 
of dendritic growth in alloy systems is shown to depend not 
only upon the concentration of the solute but on the rate 
of solidification (#) and the temperature gradient (G@) in the 
liquid ahead of the solid-liquid interface. For a given com- 
position there exists a critical ratio R/G which must be 
exceeded for dendritic growth to occur.—a. @. 

The Isothermal Transformation of Austenite Under Ex- 
ternally Applied Tensile Stress. S. Bhattacharyya and G. L. 
Kehl. (Trans. Amer. Soc. Met., 1954, 47, Preprint No. 22). 
The effect of applied tensile stresses up to 60,000 Ib./sq. in. 
on the isothermal transformation of austenite to bainite has 
been studied on three steels at various temperatures. Stress 
shortens both the beginning and ending times of transforma- 
tion by a factor of up to 100,000. The amount of austenite 
transformed may be correlated with the yield stress of un- 
stable austenite and the applied strain ene rgy.—A. G 

The Laves and Chi Phases in a Modified 12-Cr Stainless Alloy. 
F. L. VerSnyder and H. J. Beattie, jun. (Trans. Amer. Soc. 
Met., 1954, 47, Preprint No. 28). The Chi phases Ti(C,N) 
and a Laves phase (AB,) have been identified in a series of 
12/4 Cr—Mo steels with varying additions of titanium as a 
promoter of precipitation. The approximate composition of 
the Laves phase was determined as (Ti,,Mo,)(Fe; )Cr,;Si;). 
Increasing the titanium content favours the formation of the 
Chi phase.—a. G. 

Austenitic Chromium-Manganese-Nickel Steels Containing 
Nitrogen. R. Franks, W. O. Binder, and J. Thompson. 
(Trans. Amer. Soc. Met., 1954, 47, Preprint No. 29). A 
comprehensive study has been made of the structure of 
chromium—manganese-nickel steels containing nitrogen to 
determine the composition ranges giving stable austenite, 
optimum mechanical properties, and high corrosion resistance. 
It was found that steels with 16-17-5°% Cr, 3-5-4-5% Ni, 

7-9% Mn, 0-0-10% C, and 0-12 to 0- 18% N, have excellent 
onkenie stability “with mechanical properties comparable 
with those of 18/8 steels.—a. G 

The Effect of Deformation on the Martensitic Transformation 
in Austenitic Stainless Steels. H. C. Fiedler, B. L. Averbach, 
and M. Cohen. (Z'rans. Amer. Soc. Met., 1954, 47, Preprint 
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No. 30). The martensitic transformation on cooling and on 
the deformation of 18/8 steels containing 0-006 to 0-127% C 
has been investigated. The M, temperature decreases markedly 
with increasing carbon content. An elongation of 2-4%, 
on the austenite exerts the maximum stimulation on the 
subsequent transformation during cooling. Larger plastic 
strains may completely suppress the martensitic transforma- 
tion.—A. G. 

A Method for Determining the Continuous Cooling Trans- 
formations in Steel. R. D. Chapman and W. E. Jominy. 
(Trans. Amer. Soc. Met., 1954, 47, Preprint No. 33). In the 
method described the specimen is made the core of a trans- 
former. When transformation occurs the permeability of the 
steel changes, inducing an e.m.f. in the secondary winding. 
Good agreement was observed between this magnetic method 
and the metallographic determination.—a. G. 

Photoelectric Studies of Iron. A. B. Cardwell. (Phys. Rev., 
1953, 92, Nov., 554-560). Studies of the photoelectric proper- 
ties of spectroscopically pure, carefully degassed iron were 
made through a wide temperature range, including the 
a—> Band £-> y transformation points. Interesting changes 
in the slope of the temperature/photoelectric-current curves 
for the various monochromatic radiations are shown. The 
work function of iron at room temperature was found to be 
4-70 electron-V. The variation of the work function for the 
three allotropic forms «, B, and y is only 0-10 electron-V. 

Heat Capacity of the Zeta Phase of the System Iron-Silicon. 
N. N. Serbrennikov and P. V.Gel’d. (Doklady Akademii Nauk 
S.S.S.R., 1954, 97, (4), 695-698). [In Russian]. Data on the 
changes in specific heat with temperature of alloys containing 
about 53-4% Si determined by measurements using an adia- 
batic calorimeter are reported. On the basis of a discontinuity 
in the temperature/specific-heat curve at 908° C. the possi- 
bility of a polymorphic transformation of the ¢-phase is 
discussed. The differential thermal curve suggests that 
another transformation may occur at 650° C.—v. «. 

The Co-Fe-S System. W. Curlook and L. M. Pidgeon. 
(Trans. Canad. Inst. Min. Met., 1953, 56, 143-147). The 
ternary system from 100% CoS,.9; to 100% Fe,.8,, was 
studied by thermal analysis in a closed silica bomb. Alloys 
were also studied microscopically and by X-ray diffraction. 
Photomicrographs and X-ray powder photographs are shown. 
There is complete miscibility in the liquid state over the whole 
range.—T. E. D. 

Electrolytic Preparation of Ternary Alloys of Nickel with 
Iron and Molybdenum. ‘T. F. Frantsevich-Zabludovskaya, 
I. N. Frantsevich, and K. T. Modylevskaya. (Zhurnal 
Prikladnoi Khimii, 1954, 27, (4), 413-420). [In Russian]. 
The possibility of the industrial production of ternary alloys 
of the iron group of metals with molybdenum was investi- 
gated. It was found that over a wide concentration range, 
such alloys can be obtained by the electrolysis of ammoniacal 
citrate electrolytes. Conditions of stability and long working 
time of the electrolyte (based on salts of trivalent iron) were 
established. The composition of the precipitate varies 
markedly with the current density in the direction of an 
increase in nickel content; the current output falls slowly 
with current density, but the weight output of the alloy 
per unit of surface increases continuously. To obtain alloys 
of a constant composition the constancy of the composition 
of the electrolyte and uniform distribution of current on the 
eathode must be strictly maintained. Metallographic and 
X-ray analysis showed that the alloys produced are single- 
phase solid solutions.—v. G. 


CORROSION 


The Effect of Soil Moisture Content on the Rates of Corrosion 
of Buried Iron and Lead. T. Markovic. (Werkstoffe u. Kor- 
rosion, 1954, 5, July, 244-246). In laboratory studies of the 
change in the output of the cell platinum/moist-soil/iron with 
time, a marked difference was observed according as the soil 
was above or below its water saturation point. Whereas in 
the former case the current fell off continously with time, 
in the latter, there was a rapid fall at first, followed by a rise 
to a maximum and then a final steady fall.—s. c. H. 

The Formation of the Double Layer on Iron and Lead 
Electrodes in the Soil. T. Markovic and P. Kirkov. (Werk- 
stoffe u. Korrosion, 1954, 5, July, 241-243). The formation 
of the Helmholtz double layer on small steel and lead elec- 
trodes buried in soil has been studied in the laboratory. In 
sandy soil of low moisture content only the first part of the 
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layer forms on steel but when the soil is saturated with water 
the electrode behaves in the same way as in distilled water. 

Biological Aspects of the Destruction of Metals. C. F. 
Hickethier (Indust. y Quim., 1953, 15, July-Dec., 179-181, 
185). [In Spanish]. The inadequacy of the biological theory 
of corrosion is mentioned. The action of anaerobic micro- 
organisms is considered. The organisms are named and 
divided into those which reduce sulphates, reduce nitrates, 
and produce methane, the action of the last two classes 
remaining obscure.—c. B. L. 

Anti-Corrosive Paints for Ships. J.C. Kingecome. (Cor- 
rosion Prevention and Control, 1954, 1, June, 207-214; Sept., 
411-417). The author defines the conditions under which 
the metallic parts of ships corrode and describes, with par- 
ticular reference to steel and aluminium surfaces, the applica- 
tions, limitations, advantages, and anti-corrosive natures of 
various paints. The surface preparation and typical examples 
of the three types of anti-corrosive pigment (inert, basic, and 
soluble) are discussed. (12 references).—tL. E. w. 


Corrosion—Problems and Prevention in the Chemical and 
Petro-Chemical Industries in the U.S.A. (Organisation for 
European Economic Co-operation, Tech. Assistance Mission 
No. 130, TAR/130(54)1, Aug., 1954). 

Corrosion Aspects of the Vanadium Problem in Gas Tur- 
bines. S. H. Frederick and T. F. Eden. (Proc. Inst. Mech. 
Eng., 1954, 168, (3), 125-130). The effect of V,0, and mixtures 
of V,0; and Na,SO, on turbine fouling and corrosion is 
discussed. Experiments show that none of the commercial 
alloys is immune at temperatures above 650°C. Nimonic 
alloys offer higher resistance than austenitic steels, and 
electro-deposited chromium coatings afford some degree of 
protection. A detailed investigation of the effects of additives 
such as ZnO, Al,O,, MgO, and kieselguhr on the corrosion 
rate of V,0;—-Na,SO, ashes is then described. By injecting 
these in suitable proportions with the fuel, beneficial results 
can be obtained.—?. mM. c. 

How Tempering Affects Corrosion Resistance of 12% 
Chromium Steel. A. Simon. (Mat. Methods, 1954, 40, July, 
138, 139). The loss of corrosion resistance and increased 
susceptibility to corrosion cracking of 12°%%-Cr steels when 
tempered in the range 1000-1100° F. (32 to 38 Rockwell C) 
is discussed. If possible, designers should accommodate a 
lower or higher hardness in order that tempering can be 
carried out above or below this critical range.—p. M. c. 


The Problem of the Susceptibility of 18/8 Steels to Inter- 
crystalline Corrosion. J. R. Mangen. (Hidgenéssische T'ech- 
nische Hochschule, Ziirich, Promotionsarbeit No. 2188, 1953). 
This thesis deals with the corrosion of 18/8 steels of different 
carbon contents to which titanium or molybdenum were 
added in some cases. The methods of testing are stated, 
followed by a discussion of current density/voltage curves 
in their relation to intercrystalline corrosion. Results obtained 
after heat-treatment are also given and the influence of 
deformation and of cooling in liquid air is discussed.—n. P. 


Cathodic Protection Instrumentation. H. M. Powell. (Cor- 
rosion Prevention and Control, 1954, 1, Sept., 423-424, 432). 
The relative merits and fields of application of instruments 
for measuring voltage, resistivity, D.C. and A.C. power in 
cathodic protection control are discussed. A wide choice 
of such instruments is available and selection depends on 
(1) the degree of accuracy required, (2) the nature of the site, 
and (3) economics.—t. E. w. 

Comparisons of Cathodic Protection Test Methods. K. H. 
Logan. (Corrosion, 1954, 10, July, 206-211). Cathodic 
potential tests including or excluding IR drop and with the 
reference electrode over or remote from the pipe have been 
carried out in high and low resistance soils and the results 
compared. Different criteria of protection do not agree. 
Methods of plotting the current-potential curves to obtain 
the required information are discussed.—J. F. s. 


Action of Molten Lithium, Sodium, and Potassium Chlorides 
on Nickel, Copper, and Some Steels. E. 1. Gurovich. (Zhur. 
Priklad. Khim., 1954, 27, (4), 425-432). [In Russian]. 
The corrosive action of molten alkali chloride on nickel, 
copper, and stainless, heat-resistant and carbon steels was 
investigated. Stainless and heat-resistant steels were most 
resistant to corrosion, followed by nickel and carbon steels. 
The statement in the literature that the corrosive action 
strongly increases at temperatures above 800°C. was not 
confirmed. The resistance of hardened samples was two to 
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three times greater than that of unhardened ones. The 
presence in the salt bath of traces of a compound of the metal 
tested indicates that corrosion has taken place.—v. G. 


Corrosion of Metals under the Action of Chlorine at High 
Temperatures. Kh. L. Tseitlin. (Zhur. Priklad. Khim., 1954, 
27, (9), 953-958). [In Russian]. The corrosion rates in dry 
and wet chlorine of a carbon and a chromium-nickel steel 
were determined at 260-300° C.—-s. kK. 

The Corrosion of Iron in Fused Salt Mixtures. V. P. Kocher- 
gin, A. V. Kabirov, and O. N. Skornyakova. (Zhur. 
Priklad. Khim., 1954, 27 (9), 945-952). [In Russian]. 
The corrosion of iron in fused carnallite (hydrated chloride of 
potassium and magnesium) at various temperatures was 
investigated. The rate of corrosion in both aqueous carnallite 
and in carnallite dehydrated with dry hydrogen chloride rises 
with temperature, the opposite effect being found for the salt 
dehydrated with ammonium chloride. The corrosion is 
accompanied by hydrogen evolution, which can be used to 
follow the reaction. The corrosion of iron in fused carnallite 
stops if complex compounds containing hydrogen ions are 
absent.—s. K. 

Effect of Some Inhibitors on the Rate of Solution of Carbon 
Steel in Nitric Acid. S. A. Balezin and G. 8. Parfenov. (Zhur. 
Priklad. Khim., 1954, 27, (9), 930- 938). [In Russian]. 
In the investigation described the corrosion of a 0- 18%-carbon 
steel in nitric acid of different concentrations and tempera- 
tures and in the presence of inhibitors was studied by gravi- 
metric and electrochemical methods. At 20° C., passivation 
occurred at acid concentrations > 6-8N, the potential of the 
iron electrode rising rapidly at 7N concentration. Thiourea 
was the most active and stable organic inhibitor. Like halides 
and thiosulphates, this substance affected mainly the cathodic 
process; potassium chromate and permanganate affected 
mainly the anodic.—s. K. 

Scaling of Metals by Sulphur and Gases Containing Sulphur. 
O. Kubaschewski and O. von Goldbeck. (Metalloberflache, 
1954, 8, Mar., A33-A36). An account is given of the mech- 
anism of sulphide formation in a number of metals, including 
iron. The action of sulphur, SO,, and H.S on various metals 
is described, and reference is made to adsorption phenomena 
in atmospheres containing SO..—1. D. H. 

The Liquidus of Metal-Oxide/V.0; Systems and the Mechanism 
of Accelerated Attack on Metals by V.0;. G. Lucas, M. 
Weddle, and A. Preece. (J. Iron Steel Inst., 1955, 179, Apr., 
342-347). [This issue]. 

Studies on Oxidation of the Carbon Steel for Rolling at High 
Temperatures. S. Sasaki. (J'etsw to Hagane, 1954, 40, May, 
499-505; June, 592-599). [In Japanese]. The study was 
designed to improve the surface properties of steel containing 
0:06 to 0-40% carbon. Fundamental experiments explored 
the effects on the degree of oxidation of the heating rate; type 
of steel; and silicon, carbon, and copper contents. The 
process of scale formation was explained in its various stages. 
Empirical formule relating the degree of oxidation to the 
temperature, heating rate, and alloy contents, were obtained. 
These formule were used to derive further formule to give 
the scaling losses. Relationships between scaling osses and 
the shape and size of the heated ingot were obtained. The 
relationships between scaling and defects in the rolled products 
was explored. (12 references).—k. E. J. 

An Investigation of Fretting Corrosion. K. H. R. Wright. 
(Proc. Inst. Mech. Eng., 1952-53, 1B, (11), 556-563). In the 
investigation described an apparatus in which an annular 
specimen was oscillated on a flat disc of the same material 
was used Most of the measurements were made using lapped 
carbon steel specimens. Humidity has a pronounced effect 
on both the form and total amount of damage. The experi- 
ments clearly show nickel plating to be ineffective as an 
anti-fretting surface, unless it can be assumed that it has the 
additional effect of reducing the slip between the two surfaces. 
The use of lubricated phosphatized surfaces can be strongly 
recommended. The significance of the absorption and 
diffusivity of oxygen in surrounding liquid media was also 
studied. (18 references).—P. M. Cc. 

Container Materials for = eengpetey Made from Highly 
Concentrated Nitric Acid. H. Hohn and E. Fitzer. (Berg 
hiittenminn Monatsh., 1953, 98, Sept., 187-193). An explosive 
called ‘‘ Boloron O” has been developed in Austria for 
mining; it consists nominally of 41 wt.-% m-dinitrobenzol in 
59 wt.-% highly concentrated (100%) nitric acid, but in 
practice a small percentage of water is present. Aluminium 
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and iron as container materials for this explosive were 
subjected to laboratory tests. Commercial iron with < 0-1% 
C is unsuitable for HNO, concentrated above 96 wt.-% , but 
may be usedin special cases for 70-95% HNO. Aluminium 
of 99% purity is practically stable against highly concentrated 
HNO,. The m-dinitrobenzol in Boloron O is, however, such 
an exceedingly effective inhibitor that iron is not attacked, 
the loss in thickness of an iron container being 0:03 mm, 
max. in a year.—R. A. R. 

Mechanism of Corrosion Inhibition by Sodium Metaphos- 
phate Glass. J. C. Lamb and R. Eliassen. (J. Amer. Water 
Works Assoc., 1954, 46, May, 445-460). The mechanism of the 
inhibition of corrosion by sodium metaphosphate has been 
studied in detail and the apparatus employed is described. 
(19 references).—RB. G. B. 

Chromate for Corrosion Control in Methanol Antifreeze. 
G. E. Best and E. A. Roche. (Corrosion, 1954, 10, July, 
217-223). Sodium chromate proved stable and effective in 
methanol antifreeze as a corrosion inhibitor. Tests on 17 
vehicles are described and it is reeommended that chromate 
be added to the cooling water in the summer as well.—s. F. s. 

Corrosion in Relation to Welding. U. R. Evans. (Corrosion 
Techn., 1954, 1, July, 136-140). The author first broadly 
introduces the principles and mechanics of dry oxidation and 
wet corrosion, and then discusses the reasons for the special 
corrosion problems that may arise as a result of welding. 
The corrosion of welded stainless steel and aluminium alloys, 
corrosion fatigue, and hydrogen blistering and cracking are 
dealt with. (27 references).—L. E. W : 

Cutting Fluids and Corrosion. (Corrosion Techn., 1954, 
1, July, 153-158). Tests were carried out by the Production 
Engineering Research Association on the corrosive effects of 
eleven different soluble cutting oils on cast-iron plates when 
grease-free, when covered with a film of grease, and when in 
contact with steel chips. It is concluded that: (1) In general, 
clear soluble oils are less corrosive than milky soluble oils; 
(2) distilled water for preparing the emulsion causes slightly 
less corrosion; (3) in general, 1: 10 dilutions of soluble oil 
cause less corrosion than 1 : 15 and 1 : 25; and (4) the presence 
of metal chips increases corrosion.—t. E. W. 

Corrosion of Pump Parts. E. H. Huss. (Metal Progress, 
1954, 66, Aug., 100-102). Details are given of a corrosion 
test suitable for determining the best material for the con- 
struction of rotary pumps for use with chemicals, foods, mine 
waters, brines, etc. The loss in weight of a standard specimen 
during exposure to the solution through which it moves at 
constant temperature and aeration for 48 hr. is used to measure 
the efficacy of various metals.—n. G. B. 

Tin-Nickel and Nickel/Chromium Coatings: Some Com- 
parative Corrosion Tests. S. C. Britton and R. M. Angles. 
(Bull. Inst. Met. Finish., 1953/54, 8, Winter issue, 259-280). 
Atmospheric corrosion tests in four localities and indoors 
showed that tin-nickel coatings retained a better general 
appearance except by the sea. Thicknesses in excess of 
0-0016 in. on steel or 0-0012 in. on brass were needed to 
prevent pore corrosion in severe outdoor exposure.—a. G. 

Industrial Applications of a Method for Measuring Small 
Amounts of Corrosion without Removal of Corrosion Products. 
A. Dravnieks and H. A. Cataldi. (Corrosion, 1954, 10, July, 
224-230). Metal strips up to 0-01 in. thick were placed in 
corrosive environment and their change of electrical resistance 
measured with a potentiometer circuit. For steel 0-001 in. 
thick general corrosion corresponding to a loss of metal of 
0-004 mg./sq. em. can be detected, without removal of cor- 
rosion products.—4J. F. S. 


ANALYSIS 


Newer Reagents for Metals. W. C. Johnson and J. T, 
Yardley. (Chem. Age, 1954, 70, June 12, 1293-1297; June 19, 
1349-1354). The requirements of good reagents for gravi- 
metric precipitation and for colorimetric use are summarized. 
Reagents and their related compounds discussed here include 
dimethyigly oxime, Nioxime, Cupferron, nitroso-phenols, 
2,2’-Dipyridyl, 1,10-phenanthroline, disubstituted dithio- 
carbamates such as Dithizone, and lake-forming dyes. A 
number of miscellaneous reagents = special interest are also 
mentioned. (32 references).—tT. E. 

A Simple a ™ the Calculation of Electrode Potentials 
in Polarography. Markus. (Science, 1954, 119, Mar. 5, 
324-325). The nt depends on the fact that if JR curves 
of the same substance are recorded at different concentrations, 
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a gradual shift of the half-wave potential is observed with 
increasing concentration. This shift is entirely due to the 
increase of the JR potential and, for constant resistance, the 
shift is a linear function of the current J. The current values 
corresponding to the “ half-wave voltages ” are connected by 
a straight line; the intercept of this line with the voltage 
axis is the true half-wave potential. The difference between 
the half-wave voltage and the thus determined half-wave 
potential is the JR correction corresponding to the current 
value in question. The JR factors thus determined are plotted 
against J when the voltage correction can be read for any I 
value.—L. E. W. 

Volumetric Determination of Carbon and Carbon Dioxide. 
J. Kinnunen and B. Merikanto. (Chem. Analyst, 1954, 48, 
Mar., 17-18). A simple and rapid method is described for the 
determination of carbon in various metallurgical materials 
including steel and ferromanganese. CO, produced by com- 
bustion of the material in an oxygen stream at about 1200° C. 
is absorbed in barium hydroxide solution, and the excess 
barium hydroxide is titrated with potassium biphthalate. 

Rapid Determination of Manganese in Alloys. H. Schroder. 
(Metall, 1954, 8, July, 542-543). The ‘ mass-analytical/ 
potentiometric, HClO,/H,PO,’ method for the rapid deter- 
mination of manganese is described, some typical tests of 
steels, cast irons, yellow metals, and light alloys are quoted. 
The method is particularly suitable for high manganese 
contents, the time required for a determination not exceeding 
20 min.—4J. G. Ww. 

Determination of Cobalt in Metallurgical Products. J. 
Kinnunen, B. Merikanto, and B. Wennerstrand. (Chem. 
Analyst, 1954, 48, Mar., 21-22). Two procedures are described 
which enable the thiocyanate method to be used for deter- 
mining small quantities of cobalt in the presence of iron and 
copper: (a) The iron is masked by ascorbic acid and the 
copper by thiourea; and (b) if large amounts of iron and 
copper are present, a method in which the cobalt complex is 
extracted with methyl iso-propyl ketone should be used. 

Study on the Sampling in the Quantitative Spectrographic 
Analysis of Iron and Steel. S. Maekawa and T. Suzuki. (Tetsu 
to Hagane, 1954, 40, June, 629-633). [In Japanese]. In order 
to utilize spectrographic analysis for silicon, manganese, 
nickel, chromium, and copper in daily work, standard sampling 
procedures were devised, consisting of casting steel or molten 
iron into metal moulds directly from the ladle nozzle or 
indirectly from the spoon, and taking 7-mm. diameter core 
drills for grey pig iron.—k. E. J. 

Selection of Line Pairs for the Spectrographic Analysis of Low 
Alloy Steel. D.L. Fry and T.P.Schreiber. (J. Opt. Soc. Amer., 
1954, 44, Feb., 159-162). Lines paired on the basis of similar 
excitation potentials and wave length separation have shown 
that within the limiting excitation potential range of 2/3 to 
3/2, small wavelength separations are more important than 
close excitation energies. Tables of lines and standard 
deviations are given.—4J. O. L. 

Air-Cooled Electrodes for the Spectrochemical Analysis of 
Powders. B. J. Stallwood. (J. Opt. Soc. Amer., 1954, 44, 
Feb., 171-176). A controlled source of excitation has been 
developed to eliminate selective volatilization and element 
interference effects encountered in the spectrochemical 
analysis of powders with the D.C. are. A circular air jet, 
concentric with the sample electrode, cools the unburned 
portion of the sample throughout the exposure and stabilizes 
the are. The effectiveness of the air jet was increased by 
placing the samples in deep narrow craters drilled in high- 
purity graphite electrodes. Uniform volatilization was 
achieved and the spectral sensitivity was made relatively 
independent of the sample matrix.—4J. 0. L. 

Note on the Rapid Estimation of Silicon in Steels. R. 
Desguin and R. Boulin. (Chim. Analy., 1954, 36, Sept., 
245-246). A method is fully described in which the steel is 
dissolved in HNO, and the silicon is precipitated in the form 
potassium silicofluoride by the addition of KCl and HF. 
The silico-fluoride is then filtered off and decomposed quanti- 
tatively by titration with NaOH using a bromothymol-blue/ 
phenol-red indicator. Comparison of results by the volumetric 
method with those by a gravimetric method over a range of 
0:028% to 1-5% silicon are given.—t. E. D. 

Determination of Metallic Aluminium, Alumina, and 
Aluminium Nitride in Steel. M. Ihida, A. Kawano, 8. Tsuchida, 
and §S. Goto. (Tetsu to Hagane, 1954, 40, May, 521-529). 
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[In Japanese]. The determinations are based on the factors 
(a) That Al,O, remains in the residue when steel containing 
<0-2% Al is dissolved in dilute H,SO, with H,O,; and 
(b) that AIN is insoluble in ester-halogen reagents. Three 
hours are required, ~ the results show good reproducibility. 
(13 references).—kK. E. 

A Simple Apparatus “tor Determination of the Nitrogen in 
Iron and Steel by Distillation Method. Y. Okura. (Tetsu to 
Hagane, 1954, 40, May, 530-533). [In Japanese]. A new 
method for determining nitrogen in steel, and also for organic 
nitrogen, is based on continuous solution and distillation 
without removing the sample from the flask. Its results are 
in good agreement with those by the standard method; it 
can be used for exact or rapid determinations, but is not 
suitable for samples containing nitrogen in acid-insoluble 
residues.—kK. E. J. 

Determination of Oxygen in Steel by Herty’s Method. S. 
Kiriyama and T. Kishi. (Tetsu to Hagane, 1954, 40, Apr., 436- 
440). [In Japanese]. In high-nitrogen steel (Ne > 0-010%) 
the presence of undissolved AIN with the Al,O, led to erroneous 
results. The elimination of the effect of AIN lies in treatment 
with 3% NaOH.—x. E. J. 

The 50-Cycle Arc in Spectrochemical Analyses. H. 
Gantzckow. (Metall, 1954, 8, July, 528-532). The author 
shows, by reference to cathode-ray diagrams and measure- 
ments, that maximum sensitivity is attained if the striking 
of the arc is delayed so as to make full use of the area of each 
half-cycle. The causes of disturbances and remedial measures 
are discussed, with particular reference to carbon electrodes. 


On the Influence of Different Elements on Graphitization 
and Their Spectroscopic Examination. K. Roesch. (Giesseret, 
1954, 41, June 24, 338-340). A short review shows it is 
possible with a Steeloscope glass spectroscope to measure the 
important elements such as chromium, magnesium, titanium, 
and vanadium with a sufficient degree of accuracy and speed. 
The effect of different elements on the graphitization of grey 
castings, malleable iron castings and spheroidal graphite iron 
castings is described, and the most important are discussed. 
The further development of spectroscopy employing quartz 
or grating spectrographs, resulting in higher accuracy, is also 
described.—R. J. w. 

Apparatus for the Continuous Determination of Hydrogen 
in Top Gases. Logeling. (Centre Doc. Sid. Circ. Inform. Tech., 
1954, (7), 1297-1302). An instrument made by Maipak 
(Hamburg) and little known in France is described. This 
measures the volume change due to the formation and con- 
densation of water from the hydrogen in the gas. With it, 
30 analyses/hr. are possible. Results are affected by variable 
amounts of hydrocarbons in the top gas.—a. G. 

The Polarographic Analysis of Nickel Plating Solutions. 
J. V. Petrocelli and G. Tatoian. (Plating, 1954, 41, Mar., 
262-268). The principles and technique of the process are 
outlined and a manual polarograph designed for the control 
of plating baths is described. Data are presented for the 
determination of nickel chloride, and boric acid in a Watts 
bath. The effect of pH and brighteners is discussed.—a. D. H. 

Contribution to the Polarographic Determination of 
Chromium. M. Spdlenka. (Hutnické Listy, 1954, 9, (7), 
403-405). [In Czech]. Methods for determining chromium 
in alloys, particularly in alloy steels, are given. For most 
purposes the polarographic analysis provides results of 
sufficient accuracy.—P. F. 

The Determination of Niobium in Stainless Steel. G. W. C. 
Milner and A. A. Smales. (Analyst, 1954, '79, July, 425-430). 
A method, satisfactory for quality control, is described. 
The concentration of niobium in the final solution is deter- 
mined absorptiometrically using the yellow colour produced 
with potassium thiocyanate. For accurate work it is 
necessary to incorporate niobium,, as radioactive tracer to 
correct for small losses of niobium during the separation. 
The radioactive determination of tantalum is briefly discussed. 

On the Behaviour of Hydrogen in Steel (III). M. Kawai. 
(Tetsu to Hagane, 1952, 38, Jan., 9-17). [In Japanese]. 
Work is reported on the influence of temperature, time, 
and other samplling variables on the hydrogen determination, 
the time necessary to remove hydrogen by heating, and 
hydrogen escaping from steel at ordinary temperatures. 

Analytical Determination of Trace Constituents in Metal 
Finishing Effluents. III.—The Colorimetric Determination 
of Copper in Effluents. IV.—The Colorimetric Determination 
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ABSTRACTS 397 


of Iron in Effluents. V.—The Colorimetric Determination 
of Nickel in Effluents. D. G. Gardner, E. J. Serfass, and 
R. F. Muraca. (Plating, 1954, 41, May, 487-490; June, 
632-635; July, 782-784). 

Determination of Metallic Iron in Iron Ores After Roasting 
Under Reducing Conditions. A. T. Chernyi and K. V. 
Podoinikova. (Zavodskaya Laboratoriya, 1950, 16, (11), 
1308-1309). [In Russian]. The method proposed for the 
determination of metallic iron in mixtures with other iron 
compounds is based on the conversion of metallic iron into 
iron sulphide and the determination of the sulphide by the 
evolution method. The sample is fused at 700—800° C. with 
alumina and flowers of sulphur in an atmosphere of CO,, 
after which a mixture of CO, and HCl gas is passed over. 
The metallic iron is converted first into the sulphide and 
then into the oxide, releasing an equivalent amount of 
sulphur as H,S. Sulphide sulphur in the roasted ore is 
determined by passing the CO,-HCl mixture over a separate 
sample.—-s. K. 

Fluoride Method for the Determination of Lime in Open- 
Hearth Slags. I. V.Granovskiiand F.G.Druzhinin. (Zavod- 
skaya Laboratoriya, 1950, 16, (11), 1304-1307). [In Russian]. 
From a review of proposed methods for rapidly determining 
the basicity of open-hearth slags by observing certain 
physical properties it is concluded that only a chemical 
method is likely to be satisfactory. A modification of the 
fluoride method for the determination of lime is described, 
requiring 0-5 g. of the slag and giving results accurate to 
+ 2-3% and reproducible within the range 0-5-0-6%. 
A determination takes 20-25 min. and porcelain instead of the 
usual platinum vessels can be used.—s. kK. 

Volumetric Glassware—Scientific Aspects of Design and 
Accuracy. (National Physical Laboratory, Notes on Applied 
Science No. 6, 1954). 

Balances, Weights and Precise Laboratory Weighing. 
(National Physical Laboratory, Notes on Applied Science No. 7, 
1954). 

Determination of Silica in Ores, Slags, and Refractories. 
Method of Analysis Committee of B.I.S.R.A. (J. Iron Steel 
Inst., 1955, 179, Apr., 336-337). [This issue]. 

Developments in Coal and Coke Analysis. R. A. Mott. 
(Midlands Soc. Anal. Chem.: Chem. Age, 1954, 70, May 22, 
1143-1146). Errors introduced by poor sampling techniques 
are mentioned. The use of the Kjeldahl method for nitrogen 
is recommended, and a bomb method for sulphur and chlorine. 
Refinements of the processes are discussed.—t?. E. D. 

Fuels and Their Combustion. VII—Apparatus Used for 
Gas Analysis. R. Martin. (Chaleur et Ind., 1954, 85, Sept., 
257-269). The Orsat and Lambert methods are described. 
The preparation of the absorbing solutions used are detailed 
and two simple apparatus for use where only the percentage 
of CO, in the gas is required are described. Gas analysis 
equipment for controlling the actual combustion of fuels is 
reviewed.—B. G. B. 

The Determination of Volatile Matter in Fuels and Foundry 
Blacking. (Fonderie, 1954, Apr., 3913-3914). Methods used 
for determining the volatile matter in solid fuels are briefly 
reviewed and a new method which is also suitable for use with 
foundry blacking, is described.—s. c. w. 


HISTORICAL 


Cannon Foundry in Italy in 1700. B. Boni. (Fonderia Ital., 
1954, 3, June, 251-258). [In Italian]. The author gives an 
account of cannon foundry practice between the years 1700 
and 1714 in Italy. The contemporary notes of Domenico de’ 
Corradi, master founder, are referred to.—m. D. J. B. 

The Introduction of the Basic-Bessemer Process into Germany 
in the Year 1879. H. Dickmann. (Stahl u. Eisen, 1954. '74, 
Sept. 23, 1257-1262). Reports of the large-scale trials of the 
basic-Bessemer process at Bolekow, Vaughan and Co., Ltd., 
Middlesbrough, appearing in the daily and technical press 
brought Thomas’ work to the attention of the Rheinisch 
Stahlwerke and the Hoerder Verein and soon led to the 
introduction of the process into Germany. Biographical details 
are given of the men responsible for this.—J. P. 


ECONOMICS AND STATISTICS 


World Iron Production in the Year 1952. R. Diirrer. (Von 
Roll Werkzeitung, 1953, 24, Sept., 191-193). The author 
gives figures for iron and steel production throughout the 
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world for the year 1951 and 1952 and discusses the economic 
position and prospects.—v. E. 

Japanese Steel Stages Comeback. S. Badlam. (Iron Steel 
Eng., 1954, 81, Aug., 161-166). A brief account is given of 
the very rapid expansion of the Japanese steel industry. 
Rehabilitation since the war has brought production up to 
over 8,000,000 tons per year.—mM. D. J. B. 

The Soviet Iron and Steel Industry. (Metal Bull., 1954, 
Aug. 6, 15-17; Aug. 10, 10-11; Aug. 13, 15-16). Some 
particulars of post-war reconstruction and development in 
the iron and steel industry of the U.S.S.R. are given together 
with a fairly exhaustive list of Russian steelworks, stating their 
plant and capacity in most cases.—R. A. R. 

The Iron Making Industry of the Soviet Zone. (Stahl u. 
Eisen, 1954, 74, Sept. 23, 1321-1323). The facilities and plant 
in the various works in the Eastern Zone of Germany and 
present and planned production are described briefly. The 
source of raw material imports and the nature and volume 
of exports to Russia are discussed.—1J. P. 

Hard Ore Counters Hard Times. (Chem. Eng. News, 1954, 
32, Aug. 23, 3342-3344). An outline is given of the situation 
regarding taconite development in the Mesabi Range. Par- 
ticular reference is made to the Erie Mining Company’s 
200,000 ton/year experimental plant and their 7-5 million 
tons/year plant now under construction at Aurora, Minnesota. 
This will start production in 1957. The process used is similar 
to that employed by Reserve Mining Co. at their 300,000 
ton/year experimental plant at Babbitt, and their new plant 
under construction at Silver Bay (near Beaver Bay) which 
will be in production in 1956.—r. E. D. 

Revival of Salzgitter-Watenstadt. (Times Rev. Indust., 
1954, 8, July, 113-114). A short account is given of the 
development and present state of this integrated steelworks 
in Lower Saxony, Germany. Local low-grade ore is bene- 
ficiated by sintering and washing processes which raise the 
iron content from 28-31% to 45%. The plant is being re- 
equipped and when completely restored it will have an output 
of 2,500,000 tons of steel/year.—B. G. B. 

Present Difficulties in Scrap Supply. F.-A. Goergen. (Stahl 
u. Hisen, 1954, 74, Sept. 23, 1318-1319). The difficulties, 
brought about by variations of steel output in the European 
Coal and Steel Community countries since the introduction 
of a common scrap market, are discussed. The measures 
now being taken to ensure adequate and fair distribution to 
all members of the Community are described and the ease 
with which they can be upset is stressed.—J. P. 


MISCELLANEOUS 


A New Examination of the Law of Thermodynamics. R. B. 
Green. (Amer. J. Phys., 1954, 22, Apr., 191-193). The first 
law is stated in a new, simpler form which is qualitative, and 
its quantitative content is proven for both the Poincaré and 
the Carathéodory methods. A statement of the second law 
is given. Minimum requirements for statements of the laws 
are discussed, and new alternative statements suggested. 

Vacuum Tanks Simplify Oxygen Storage Problem. W. G. 
Patton. (Iron Age, 1954, 178, Apr. 29, 92-93). A new type of 
tank made on the vacuum flask principle is being used to store 
up to 500 gall. of liquid oxygen. Construction is of aluminium 
for mobility and strength at low temperatures. The unit 
includes a self-contained evaporator and can provide 60,000 
cu. ft. of gaseous oxygen on demand.— aA. M. F. 

A New Method of Electrical Recording Suitable for Multi- 
Channel Working. S. S. Carlisle and J. R. Spencer. (Trans. 
Soc. Instrument Techn., 1953, 5, Sept., 105-120). A 
multi-point recorder is described, intended for use in open- 
hearth plant. The instrument can be adjusted from 12 to 
1 point working, and takes input signals in the range 0-5 mV. 

The Pitot Method of Measuring Gas Flow Rates in Ducts: 
An Investigation of Possible Errors. KR. Haynes and D, 
Thomas. (TZ'rans. Soc. Instrument Technology, 1953, 5, Sept., 
121-125). An investigation is made of the variation in the 
Pitot tube coefficient with Reynolds’ number, and the angles 
of pitch and yaw.—t. D. H. 

Rationalization of the Heating of Industria] Premises in an 
Iron and Steel Works. G. Tavernier. (Centre Doc. Sid. Cire. 
Inform. Tech., 1954, (6), 1159-1167). The characteristics of 
the heating plant at Senelle before and after modernization 
are described. In the new system superheated water (175° C.) 
at 10-15 kg./sq. em. is employed as the heating fluid. This 
has many advantages but necessitates control of the pH of 
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the water, and involves the risk of freezing if part of the 
installation is closed down in cold weather.—a. G. 


Heating and Ventilating Problems in Steelworks. H. J. Y. 


Green. (J. Inst. Heating Ventilating Eng., 1954, 22, Aug., 
165-182). 
Operations Research in Industry. F. C. Leone. (Steel 


Processing, 1954, 40, June, 383-386, 392). 


A review is pre- 


sented of the better known methods and techniques used 
in operational research, viz., sampling, regression analysis, 
correlation, significance tests, variance analysis, and linear 
programming.—P. M. C. 


The Organisation of Applied Research in Europe, The United 


States and Canada. Vol. I—A Comparative Study. Vol. I— 
Applied Research in Europe. Vol. I1I—Applied Research in 


United States and Canada. 
Economic Co-operation, 1954). 


(Organisation for European 
These three volumes contain 


the Reports of Technical Assistance Missions 81, 82, and 83. 
In vol. I points of difference between the U.S.A. and Canada 
on the one hand, and Europe on the other, are noted and 
evaluated. Vol. II reveals the wide divergencies both in the 
facilities for research and the importance attached to it in 


the countries of Western Europe. 


Vol. III describes the 


parts played in the U.S.A. and Canada by the central and 


BOOK NOTICES 


Aspin, B. Trerry. 


. 


** Foundrywork for the Amateur.” 8vo, 
pp. xii + 93. Illustrated. London, 1954: Percival Marshall 
& Co., Ltd. (Price 5s.) 

This small volume,’ which is extremely well illustrated 
with the author’s own line-drawings and photographs, 
should be of great assistance to the model-maker for whom 
it is mainly intended, and will not be useless to the student 
of foundry practice. It describes, in a clear and accurate 
way, the applications of normal foundry technique on a 
small scale and generally, on a “‘ one-off’ basis, and the 
examples shown of the results of this miniature technique 
would be a credit to many a full-sized foundry. The 
author’s observations on sand, crucibles, patterns, and 
moulding boxes are excellent and helpful; it is a pity that 
he has to advise the amateur to depend so much on scrap 
for his charges. Cannot those obliging foundry suppliers 
who are willing to provide small quantities of sand, bonding 
materials and so on, for the amateur, be persuaded to carry 
virgin metals and alloys in ingots of a few pounds weight ? 
There would then be the assurance that the skill acquired 
by study of Mr. Aspin’s book would not be nullified by the 
use of materials of uncertain origin and properties.—4J. P. Ss. 
Atlas zur Wdrmebehandlung der Stahle.”” Herausgegeben 
vom Max-Planck-Institut fiir Eisenforschung in Zusam- 
menarbeit mit dem Werkstoffausschuss des Vereines 
Deutscher Eisenhiittenleute. Teil I, von Franz Wever und 
Adolf Rose. Teil II, von Adolf Rose, Walter Peter und 
Werner Strassburg. La. 8vo, pp. 147, loose-leaf. Illustrated. 
Diisseldorf, 1954: Verlag Stahleisen, m.b.H. (Price DM 70.-. 
Personal members of Verein Deutscher Eisenhiittenleute, 
DM 63.-) 

This excellent publication is concerned with the harden- 
ability characteristics of steels in general and of 19 different 
steels in particular. The first part gives a description of the 
methods used for the determination of end-quench harden- 
ability curves, isothermal transformation diagrams and of 
continuous cooling transformation diagrams, of technical 
heat-treatment on the basis of transformation diagrams, 
and of the influence of composition and previous heat- 
treatment on transformation diagrams. 

The second part consists of tables and diagrams, and it 
is this part which is particularly commendable. At first 
sight it appears somewhat complicated and confusing, but 
a careful perusal shows that it follows a well thought-out 
plan. The first sheet of each series gives the limits of 
composition of the steels and the actual compositions of 
the five casts upon which the curves and diagrams are 
based; then follow manufacturing process, grain size, 
temperature of change points, etc. The second sheet gives 
the end-quench hardenability curves for all five casts, and 
the following sheets give the isothermal transformation 
diagrams and continuous-cooling transformation diagrams. 
When the end-quench hardenability curves of the different 
casts have shown a considerable variation, the trans- 
formation diagrams of several of the casts are given. 
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BOOK NOTICES 


local governments, the universities, the scientific foundations, 
and by industry.—Rk. A. R. 


Metalurski Zbornik, 1952, (1), 97-108). 


New Metallurgical Institute in Ljubljana. (Rudarsko- 
[In Serbo-Croat]. 


The new institute is described. 


Stevens and H. Euler. 


“ Worth” and ‘“ Weighting’ in Job Evaluation. H. 
(Stahl u. Hisen, 1954, '74, Sept. 9, 


1215-1219). Methods are described for assessing numerically 
the worth and weighting to be applied in evaluating manual 
and mental tasks.—J. P. 


General Study of French and International Scientific Units. 


O. Robert. (Rev. Gén. Méc., 1954, July, 231-238; Sept., 337- 
344). The scientific units used internationally and in France 
are summarized in tabular form. The dimensions of each 
unit and its symbol and definition are given.—R. G. B. 


Bowden. 


A Dictionary of Metallurgy. A. D. Merriman and J. S. 
(Metal Treatment and Drop Forging, 1952, 19, 


Feb., 51-60 to 1954, 21, Oct., 477-484). A glossary of metal- 
lurgical terms is being published month by month in Metal 
Treatment and Drop Forging. The issues included in the 
above reference cover the letters A to O.—R. A. R. 


Automatic Handling of Numerical Data. D. F. Nettell. (J. 


Iron Steel Inst., 1955, 179, Apr., 358). [This issue]. 


. 


- 


Each series concludes with typical photomicrographs. 

The price (DM 70.-) is high, but the Atlas is very well 
produced, contains an enormous amount of information, 
and is well worth the money.—J. FERDINAND KAYSER. 
Directory of Welding and Fabricating Equipment.” Section 
One. ‘ Metal-Arc Welding Electrodes.”’ La. 8vo, pp. 36. 
London, 1954: ‘‘ Welding and Metal Fabrication.” (Price 
3s. 6d.) 

In this publication are described the products of 24 
manufacturers of electrodes for welding mild steel, alloy 
steels, cast iron, and non-ferrous metals, and for hard- 
facing. The information is given in the form of tables, each 
devoted to one manufacturer’s electrodes and giving the 
position in which they may be used, the sizes available, 
the identification markings, and any special features. In 
the case of electrodes for hard-facing, the hardness of the 
deposit is also given, as well as typical applications. The 
lists could have been improved by the addition of an 
alphabetical index of the names of the electrodes, which are 
frequently non-descriptive, but the information given could 
scarcely be added to.—J. P. s. 

The Engineer Buyers’ Guide, 1955.” 8vo, pp. 745. London, 
1955: ‘‘ The Engineer.”’ (Price 5s.) 

All the necessary information for procuring any type of 
engineering material, from socket screws to ore-bridges, is 
to be found in this volume, together with the telegraphic 
addresses of manufacturers and details of the most impor- 
tant trade associations in, and in fields adjacent to, the 
engineering industry. The book is well produced and 
clearly printed and should be of great value to all engineers. 

J.P. 8. 


Hopxins, D. W. “ Physical Chemistry and Metal Extraction.” 


8vo, pp. xv + 232. Illustrated. London, 1954: J. Garnet 
Miller, Ltd. (Price 30s.) 

The author states in the preface that he wrote the book 
for ‘‘ students of extraction metallurgy, research workers 
in the field . . . , and technical personnel.’’ I propose to 
examine the book mainly from the point of view of the 
first group of prospective users. 

There are two main points that normally worry a student 
of metallurgy approaching a thermodynamic text: First, 
is it palatable, and secondly, is it written in the metal- 
lurgical language The author therefore took the correct 
precaution; the first part of the book is a digest of physical 
chemistry (alias thermodynamics), intended to induce a shy 
student to have a bite, whilst the second part is the main 
metallurgical dish, 7.c., examples of applications of derived 
laws to a number of extraction-metallurgy problems. This, 
I believe to be the correct approach, as anyone will agree 
who has taught the subject, where one of the main obstacles 
is to convince the student that this eminently abstract 
subject has also a very practical value. 

The success of the book from the student’s point of view 
will be judged on these two issues: Does it provide a text 
that is not at present readily available in a book form, or 
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does it provide a better text than that already to be had ? 
From these points of view the book clearly falls into two 
parts; the first part, the theoretical introduction, is already 
available in a good, if not a better, text, whilst the second, 
the application, is a distinct positive contribution to 
metallurgical literature. 

The second part of the book will be welcomed by most 

students of extraction metallurgy. The literature on 
roasting, oxidation and reduction, slags, and fluxes is so 
rich and widely disseminated that an up-to-date review of 
the field has been badly needed, and this the author has 
done well. The final two general examples given in the 
book, the one of the iron blast-furnace and the other of 
zine distillation, are also to be commended as first-class 
reviews.—V. Konpic. 
Kempe’s Engineer’s Year Book for 1955.’ 60th Edition. 
2 vols., 8vo, illustrated. Volume One, pp. xiv + 1345; 
Volume Two, pp. x + 1413. London, 1955: Morgan 
Brothers (Publishers), Ltd. (Price 75s. the two volumes 
in case). 

Of the last, the 59th edition, it was stated ‘“‘as an 
encyclopaedia to engineering subjects, it should easily 
retain the leading position it has held for so long.”’ Scarcely 
was it out, it seemed, before the 60th appeared, and it is 
plain to see that the editors have made positive efforts to 
maintain that lead; there are new, and adequate sections 
on shell moulding and on roll forging, as well as a host of 
minor improvements in detail in the sections on engineering 
subjects. It is hard to believe that the 61st edition will 
become necessary quite so soon.—J. P. Ss. 


Oscoop, Wit11AM R. (Editor). ‘‘ Residual Stresses in Metals 


AMERICAN SocrETY FOR METALS. 


AMERICAN SOCIETY FOR TESTING MATERIALS. 


oc 


Aspin, B. TERRY. 


and Metal Construction.” Prepared for the Ship Structure 
Committee under the direction of the Committee on 
Residual Stresses, National Academy of Sciences, National 
Research Council. 8vo, pp. xii + 363. Illustrated. New 
York, 1954: Reinhold Publishing Corporation. (Price 80s.) 
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summary.—R. WECcK. 
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